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PREFACE. 


W HEN the first edition of this Pocket Book 
’was published in 1902, refrigeration was 
already* a flourishing industry, and the 
time seemed to J^e a proper one forlhe compilation 
in a hand3^ form of such formulae, data, tables, 
general memoranda, and useful information, as 
might be of service for constant reference to 
engineers and oth^s interested in refrigeration, 
cold storage, and ice-making. Tliat the work has 
proved of some service to those interested in the 
above subjects is evidenced by its having now 
reached a sixth edition. 

The* present edition has, been carefully ^-evisit^d 
and several errors have been corrected.. Some 
sixteen pages of new matter have been added as 
well as several fresh illustrations, and the index 
has been entirely remade and considex ably extended. 

¥he subjects^ are dealt with in six sections, and 
are classifi/.d under the following main heads: 
Section*!. Refrigeration in Generalj Section II. 
Cold Storage'; Section III. Ic^-Makin^ f^Vd Storing 
Ice; Section IV.. Insulation;, Section V. .Testing 
and ]\l*^nagen;ent ofsRefrigerating Machinery ; and 
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Section VI. General Memoranda^ Tables, etc. The 
matters included under the above headings are far 
too numerous to admit of any fuTther mention of 
them being made here, some idea of the ground 
covered, however, can be obtained by glancing 
through* the table bf principal contents, and it is 
trusted that the sixth edition will meet the require- 
ments of those needing such a work in a still more 
satisfactory manner than the previous ones. 

In conclusion, the editor desires to intimate that 
any criticisms, 'and practical suggestions for im- 
provement, from any of the readers of the book, 
will be gladly welcomed. Any such communica- 
tions— which should be addressed to the publishers 

will receive every attention, with a view to the 

.improvement of future editions. 


THE EDITOK. 
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s]<:cTroN I. 

K KFRlGERA'l'lON IN GENERAL. 

The Mechanjcal Tiikory of Heat. 

Heat pervades every substance known. Lord Armstrong 
said, “According to the new theory, h<‘at is an internal 
motion of molecules, capable of being communicated from 
the molecules of one body to those of another ; the result 
of this imparted motion bejng either an increase of tempera- 
ture or the performance of work." The result of Joule’s 
experiments was to, demonstrate that* under all circum- 
stances the quantity of heat generated by the same amouftf 
of force is fixed and invariable.* Professor Clerk Maxwell 
^was of the opinion that heat, considered with reject to 
its power of w^arming things and changing their state, is a 
quantity strictly capable of measurement, and not subject 
to any variation of quality or kind. • 

The deductions to be arrived at on accepting this thegry 
are, that if heat is a motion jt must be an eternal one ; the 
generation of hea*t in any substante must be additional to 
.the heat that has beep already generated in it or transferred 
thereto; .heat can •be lost or done awi^ to^a decree 
only, as^it is ’alw.ays of uniform quality, anc^ it follows 
therefore that its annihilation* mifst in efiery.case he a 
definite part of the entire amoilnt, and cannot be a reduction 
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The rational conclusion ,to be come to from the above is 
that the reduction of tamperature or cooling of any substance 
is simply the withdrawal or annihilation of a greater or 
lesser part of its own heat. « 

•Refrigeration may be defined as the art of reducing 
the temperature of^any body, or of maintaining the said 
temperature below that of the atmosphere. 


Refrigerating Apparatus. 

Widaly, refrigerating apparatus may be classed under two 
mam heads, viz. chemical and mechanical. 

In the first, or apparatus working on the chemical system, 
the more or less rapid dissolution of a solid is utilised to 
abstdict heat, and it is generally designated the liquefaction 
process. 

The second, or mechanical process, comprises apparatus 
operating on four different systems, viz. ; cold-air machines, 
in whicli the air is first compressed, then cooled, and 
afterwards permitted to expand whilst doing work, that 
is to say, practically, by first applying heat to ultimately 
produce cold; vacuum maebiney, wherein the evaporation 
of a portion of the liquid to be cooled, assisted by the 
action of an air-pump, and .of sulphuric acid, effects 
the abstraction of heat ; absorption machines, in which the 
absti^ction of heat is effected by the evaporation of a 
^eparrfte refrigerating agqnt of a more or less volatile 
nature^ under the direct action of heat, which agent again 
enters into solution with a liquid ; and lastly, compressioij 
machines, wherein the abstraction of heat is effected by the 
evaporation of a separate refrigerating agent of a more or 
less volatile nature, which agent is subsequently restored to 
itc original physical condition by mechanical compression 
and cooling. 


T^e ^Chemical or Liquefaction Proc^jss. 

IJuring lhe«^change of the physical Condition 'of a sub- 
stance, fof instance, whilst it is passing Vrom a solid to a 
liquid form, the cohesive fq?-ce is oyercome,by energy in the 
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form of heat, and this may be brcnight about without change 
in sensible temperature, provided the heat be absorbed 
as fast as it is supplied, from the exterior, as in the case 
of melting ice, the •emperaturc of which remains constants 
at 32° Fahr., any increase or decrease in the heat sfipplied 
simply hastening or rel^rding the rate* of -melting, but in 
no way affecting the temperature. Mixtures composed of 
some salts with water or acids, and of certain salts with 
ice, however, forming liquids havidg freezing points lower 
than the original tempferatures of the mixtures, act in a 
different manner, the tendency to pass into the liquid form 
being in this 'case so strong that a more rapid absorption 
of heat takes place thap is capable of being supplied from 
without, and consequently a consumption^ takes place of 
the store of heat ^f the melting substances themsoives. 
The natural result of this action is that the temperature 
of the latter falls, until such time as the rate of melting 
and the rale at which heat is suf)plied from the exterior 
become equalised. The degree to which the temperature 
can be lowered depends to a certain extent on the state 
of hydration of the salt and the percentage of it present in 
the mixture. The salts used iq ordinary freezing mixtures 
are generally those of certain alkalies which almost ex- 
clusively possess the necessary degree of solubility at low 
temperatures, and the following table gives lire mixtures 
usually employed ; — 
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Tablk of Principal Freezing Mixtures. 


« ! 

COMl’OSl'l'lON OK i'KEEZINO MIXll'RKS. | 

Reilui t 
U-inpt'J.v 
dc'.;if‘c*s 

oil of 
urb m 
K.ihr. 

’lo 

\ Amount ot 
fall in de- 
gree"! Fahr. 

t 

Show or pounded ice* 2 parts ; muriate of soda i 

Suow 5 ; muriate of sodium 2 ; munate of am- 

Snow 24 ; muriate of sodium 10; munate of am- 
naonia 5 ; mtiate of potash 5 


• 

“ 5 

— 12 

-18 


Snow 1 2 ; muriate of sodium 5 ; nitrate of am- 
monia 5 . . . . • • » • 

Snow 4 ; muriate of lime 5 • • • • • • 

+ 32 

-25 

-40 

72 

Snow i ; chloride of sodium or common salt i . . 
Sifbw 2 ; muriate of lime crystalh/cd 3 • • • • 

+ 32 

0 

32 

+ 32 

-50 

82 

Snow 3 ; dilute sulphuric acid 

+ 32 

“23 

55 

Snow 3 ; liydrochlonc acid 5 . . 

+ 32 

-27 

5 ') 

Snow 7 ; dilute nitric acid 4 .• •• •• 

+ 32 

“30 

()2 

Snow 8 ; chloride of calcium ^ . . . . . . 

+ 32 

—40 

72 

Snow 2 ; chloride of calcium cr}'slalli/ed 3 . . 

+ 32 

“50 

82 1 

Snow 3 ; potassium 4 .. .. *. 

+ 32 

-51 

^3 1 

, Snow 2 ; chlorifle of sodium I . . . . 

, Snow 5 ; chloride of sodium 2 ; chloride of am- 


“ 5 

— 12 


Snow 14 ; chloride of sodium lO ; chloride of am- 
monia 5 ; nitrate of potassium ^ 

Snow 12; cliloride of sodium 5 ; nitrate of am- 

mwiia 5 * .. . . 

S^ow 2 ; dilute sulphuric acid i ; dilute nitric 
‘ «acid I 

-10 

-18 

“25 

“ 5 f> 

46 

Snow 12 ; common salt 5 ; nitrate of ammonia 5 

-18 

“25 

7 

Snow I ; muriate of lime 3 . , . . . > 

-40 

“73 

33 

Snow 8 ; dilute suljihuric acid 10 . . 

-08 

-91 

•23 

Chloride of ammonia 5 ; nitrate of potassium 5 ; 
water 16 

+ 50 

+ 4 


Nitrate of amaonia I ; water I 

+ 50 

+ 4 

4O 

Chloride of ammonia 5 ; nitrate of potassium 5 ; 

. sulphate of sodium 8 ; water 16 

+ 50 

+ 4 

46 

Sulphate of sodium 5 ; dilute sulphuric acid 4, • , 

+ 50 

+ 3 

47 

Sulphate of sodium 8*, h^diochloric acid 9 

+ 50 

— 0 

SO 

Nitrate of sodium 3 ; dilute nitric acid 2 
.Nitrate of ammonia i ; carbonate of so&iqpi i ; 

, wa^er irV. 

+ 50 

- 3 

• 53 

+ 50 

“ 7 

S 7 

Sulphate .of sodium 6 ; chloride of aramonli 4 ; 

, nitrate o^potassium*2 ; dilute nitric acid 4^,. . 
Phqjiphate of sodium 9 { dilut* nitric acid 4 , , 

+ .';o 

— 10 

60 

+ 50 

-12 

62 

Sulphate of sodium nitrate of ammonia 5,; 

dilute nitric acid 4 , / , , ’ , , . . 

* « 

+ 50 

« 

|-I 4 

64 
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• 

• 

COMPOSITION OF FRliEZING MIXTURES. 
(Material <; previously cooled.) 

Reduction of 
teinprr.itiire in 
di’g^iees Fahr. 

ount ot 

1 in de- 
es Fahr 

From 

7 “ 


• * r - • 

Phosphate ^of sodium 5 ; nitrate of ammonia 3 5 

dilute nitric acid 4 

0 


34 

Phosphate of sodium 3 ; nitrate of ammonia 2 ; 
dilute mixed acid 4 . . • 

- 3-1 

-SO 

16 

Snow 3 ; muriate of lime 4 

+ 20 

— 48 

C8 

Snow I ; muriate of lime crystallized 2 , . * . . 1 

0 


66 

! Snow 2 ; muriate of lime 3 .. .. . 

-15 

-68 

^3 

Snow 8 ; dilute sulphuric acid 3 ; dilute nitric 
acid 3 

— 10 

- 5 ^> 

46 

Snow 3 ; dilute nitric acid 2 

• 0 

-46 

46 

Snow I ; dilute sulphuric^acid i , , • . • . 

— 20 

— 60 

40 

Snow 2 ; muriate of lime crystallized 3 , . • . 

-40 

-73 

33 

Snow 8 ; dilute sulphuric acid 10 

-(j8 

-91 

23 


Cold-air Machines. 

This class of machine is Ifasecf upon one of the simplest 
principles of physics, that is to say, that the compression 
of air or other gas generates heat, and the subsequent 
expansion of this air or gas, cold. Mechanical wolk and 
heat being respectively Convertible, it naturally follows that , 
if air or other gas be caused to perform certain work on a 
piston during expansion, the performance of this work* will 
cause its store of caloric to become exhausted to a degree 
equal to the thermal equivalent of the work done, the air 
or other gas after expansion being at a lower, temperature 
than that at which it was before expansion ; that is, of course, 
provided always that no heat be supplied from any source' 
to restore that so lost. * « , 

Cold-air machines all operate on the same general 
prJhciple (see diagraj?!,* Fig. i). The air is^ first com*, 
pressed in a compressor, and the heat* which ll**gefierated 
by this compression ’is. removed, by iiieans of wfiter, the 
cold air produced by • expansion being empldyed . for 
refrigeration, B^t there have, been several notable 
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improvements during the jJast few years, practically removing 
most of the old defects, which make them compare favour- 
ably, with machines using rriore. or less volatile agents, 
•Cole's “Arctic” Machine being on(? that embodies im- 
portant improvements. 

The cycle of optrations may bt>a perfect or closed one 
when ^he same air in constant circulation, or where it is 
desirable to have pure air in the storage chambers* the air 
is rejected after once p*assing through the cycle, and fresh 
air is admitted at each stroke of the compressor. 

Air machines, working at a comparatively low pressure, 
necessitate the compression and expansion cylinders being 
of a larger size than in compression machines using higher 



pressures, but the total actual space occupied is no more, 
as cold-air machines are generally self-contained, there 
being no additional apparatus required in the form of ex- 
pansion pipes,*‘condensers, circulating pumps, etc., obviously, 
therefore, a simple, cold-air system, in which tte defects 
of the old machines have been eliminated, has much to 
recommend it. 

In the early days of cold air it ^as considered a disad- 
vatitage,, ayi- unycopomical to reductj air to a very low 
temperatqre ; but these objections are now entirely overcome 
by the improved methods* of making thp cold-air ducts or 
trunking, by which the loss is reduced to a minimum, and 
is almost inappreciable. 
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Vacuum Machines. 

• 

Vacuum machines, together with absorption machines, 
compression machkies, and binary, or dual, or mixei^ 
absorption and compression machines, all come urtder the 
category 6f vaporisatipn machines, 4hat is to say, of 
machines which practically utilise th^ heat of vaporisation 
for piiVposes of refrigeration. In a vacuum macliine the 
refrigerating agent or medium fs, as has been already 
stated, water, its volatilisation at a temperature sufficiently 
low being effected by the means of a vacuum pump, assisted 
by sulphuric acid, by which the vapours are absorbed as 
soon as they are formed, and in this manner rendering the 
action of the vacuum very effective. The sulphuric acid 
can be again concentrated for use, and so on ad infinitum. 


Absorption Machines. 

In its action the absorption machine resembles the 
vacuum machine, with this difference, however, that in- 
stead of water, some such liquid as anhydrous ammonia 
(NHj), capable of evapofating at a low temperature with- 
out the assistance of a vacuum, is employed as a refrigerat- 
ing agent or medium. Instead of sulphuric acid being 
employed to absorb the vapour, water is employed for that 
purpose, and from tliis \^ater the vapour is again separated, 
by distillation and is liquefied by the pressure whicn takes 
place in the still, and by the action of the condensing 
water. (See diagram. Fig. 2 .) 

In this manner absorption machines can be operated 
continuously, the ammonia solution or aguci ammonia being 
passed into a still or generator, usually heated by a steam 
coil or worm, and the ammonia vapour being conducted 
thence to a condenser in winch iU is. cooled and becomes 
liquefied into anhydrous ammonia owing to the pressure 
due to its olVn accumulation. The anhydrous ammonia 
is kept in a liquid ammonia receiver, fi^m ’'vPliiclf it passes 
to the toils of th^* refrigerator jvherein #it Expands or 
evaporates, effdfcting .an anu)unt /)f refrigeration, corre- 
sponding to i^ heat of vaporisation. After performing 
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this duty the vapour ent«rs the absorber and is there 
brought into contact with the weak solution of ammonia 
coming from the bottbm of tl^ sUll, and is reabsorbed 
•by it with generation of heat, whicli latter is removed by 
the. cooVng water. Both the rich and cold solution of 
ammonia coming, frogi tiie absorber ^nd going td the still, 
as well as the poor anrl hot solution coining from the still 



and goings to the absorber, are passed through a device 
called, an interchanger, by which 'their temperatures are 
^qlialisai. The rich ammonia solution is pumped from 
the abs^ber into the still or generator. 


The Compression Machine. 

• 

Machines operating on the compression principle (see 
dia'gram, Hg. 3) utilise the la^nt heat of vaporisation of 
the substances havings a ‘low boiling point, and, whatever 
the refrigerating agent or medium th^^t may be employed, 
they all practicrf^lly act in the same manner ; that is to say, 
the vipour or' gas due lo the expansion or vaporisation of 
,the refrigerjilin^ agent dr medium, in -the, refrigerating or 
expansion coils, passes 'into A compressor operated by any 
suitable power by which the gas or vapour isiorced into the 
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coils of the condenser, and is there li(iuefied by ihe aid o^ 
the cooling water ; the liquid thus •formed then enters a 
licjuid receiver, from ^^hirfi it is allowed to pass to the 
refrigerating coils through an expansion or flash valve or 
cock, by which the desired regulation can be effected. *It 
will be seSn that the psocess is a continuous one, re])resent- 
ing a complete cycle of operations, inasmuch as the ope- 
rating •agent or medium periodically returns to its primary 
condition in a way that will more* or less approach reversi- 
bility in accordance w'fth the method of w'orking peculiar to 
each machine. 



Til. illusifalinij ry.l* whoieiu a \olnliIe lii|uid .luti compression > 

A perfect reversible compression system comprijcs the 
Tollowing changes, viz. ; An isothermal change due to the 
vaporisation or gasification of the refrigerating agent or 
medium at the constant temperature of the refrigerator; 
an adiabatic change, caused by the compression of the 
vapour or gas without the ^addition of heat ; a second 
isothermal change, due to the condensation of the com- 
pressed gas or vapour at the constant temperature of the 
condenser; and, filially, a second adiabatic, change, owning 
to the temperature of. the liquid bein^ re?lucea*from thdt of 
the condenser to that of the refrigerator by » portion ot the 
liquid being vaporised -or gasified, and performing work by 
moving a pisto% thus bnce more returning the refrigerating 
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medium or agent to its primary kate, and thereby* com- 
pleting the cycle. It is presumed that the above changes 
take place in such a manner that ,the transfers of heat 
follow infinitesimal variations in temperatwre only, and the 
changes In volume occur in connection with infinitesimal 
variations of pressure. < The changes can be likewise carried 
out in the obverse direction, the cycle being therefore a 
reversible one, and a refrigerating machine, which, it may 
here be observed, is the exact obverse to a heat engine, 
operated on this ydan, will give as economical results as it 
is possible to obtain in practice. 

For ’this reason it has been observed by Professor J. E, 
Siebel that the heat H, removed by a refrigerating appara- 
tus operated strictly on the above-mentioned bases, has a 
certain and well-defined relation to the wo^’k or mechanical 
power, W, required to lift the same in the cycle of opera- 
tion. If, in a refrigerating machine so operated, /j is the 
temperature of the condenser and the temperature of the 
refrigerator (Tj and To designating the corresponding abso- 
lute temperatures), thermodynamics teach us that the follow- 
ing relations exist : — 

H _ 4 ^4/)o T| 
w “ ">r^ /o' “ Ti - I'o 

Thermodynamically speaking, says the same authority, 
there should be no difference in economy on account of the 
nature of the circulating fluid if a perfect cycle of operation 
was carried out ; but practically, this is not done. In all 
compression machines, the fourth operation, the reduction 
of the temperature of the liquid while doing work, is not 
earned out, but the liquid is cooled at the expense of the 
refrigeration of ♦he system. No work is attempted, as the 
amount obtainable would not be in proportion -to the 
expense involved in procuring the same. 

The value of a circulating medium, it will be seen, is 
dependent upon its latent heat of vaporisation per pound, 
inasmuch as this quality governs it^' refrigerating effect.' 
Reg^ding th^ choice of the circulating medium or agent, 

, therefore, tHe above paint ipust be taken into considera- 
tion, as well as the fact that the S’ze of' the compressor 
depends on the number of 4 :ubic feet of vapour that must 
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be taken in to produce a certain amount of refrigeratio'h, 
and that the strength of its parts will depend on the pressure 
of .the circulating mediuiA. Also that the loss of refrigera- 
tion, on account \)f cooling the liquid circulating medium, 
depends on the specific heat of the liquid as 'comifared 
with the* heat of volatilisation. • 

From the following table it will bft seen that with ammonia 
the loss due to the cooling of the liquid, as shown in percent- 
ages for every degree difference m temperature of condenser 
and refrigerator, is le’ss than in the case of other liquids, and 
total refrigerating effect per pound of liquid is largest, thus 
readily accounting for the preference generally given to 
ammonia as the circulating medium or agent. The only 
advantage possessed by sulphurous acid is the lower pressure 
of its vapour, a»d that of carbonic acid the smaller size of 
compressor necessary ; the loss due to heating of liquid is 
very large in the latter case. 


Taui.e of Qualities of pRiNcirAi. Liquids employed 
IN Refrigeration. — (Siebel.) 



Pressure in lbs. per 
square inch, at o° F. 

• 

0 

0 

rtpM 

’ 1^.0 

£ 

W 

Volume cubic feet per 
lb., at 0 " F, 

Specific ^^eat of 
Liquid. 

Heat oi Vaporisation 
per cubic foot. 

Relative Volume of 
(?omp*ssor for bqual 
Refrtgeration. 

ho 

.5 

"S 

0 

00 

T, o' 

S 

3 

Sulphurous Acid . . 

lO 

T7I-2 

7*35 

0-41 

23*3 

61*70 

lYr cut. 

0*24 

Carbonic Acid 

310 

123-2 1 

0-277 

I-OO 

► 147 * 

3*24 

0*8 1 

Ammonia . . 

30 

55 S ’5 

9*10 

1-02 

61-7 

23*3 

o*i8 

. 


The AppLTCA'yc/N of the Entropy, or Theta-pjii, 

* Diag.ratS to Refrig eratinc^ M^^III*ES. • 

Entropy is^ the* co-ordinate trith tli^ temperature of 
energy, that is to tfay, length off a diagram, the area of 
\\hicl\ is enefgy in*heat-unit€, and the height of which is 
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absolute temperature; the abscissae being the quotients 
found by the division of Ihe heat quantity by the absolute 
temperature. Absolute temperature is denoted by the 
Gi■e^^k letter theta, and entropy by the Gftek letter phi, 
hence the temperature-entropy diagram is generally called 
the theta-phi (^, <^) diagram. »■ 

In the case of an ii^dicator diagram the co-ordinates 
are pressure and volume, the work done per stroke in foot- 
pounds being represented by the area. The theta-phi 
diagram represents the heat units as converted into work 
per pound of the working fluid, the area representing a 
quantityof neat in heat units, the vertical ordinates' absolute 
temperatures, and the horizontal ordinates the quantity 
known as entropy. The special applicability of entropy 
diagrams to refrigeration was pointed out -in 1892 by an 
American engineer, Mr. George Richmond, and they have 
also been used by Professor Linde for a considerable time 
past. 

The following application of the entropy diagram to 
refrigerators is abstracted from a useful little work (to which 
the reader is referred for fuller information on the subject) 
by Henry A. Golding, A.M.I.H.E., on “The Theta-phi 
Diagram,” published by the Technical Publishing Co., 
Ltd., Manchester : “ The cycle of operations in refrigerators 
is exactly the reverse of that in the* Carnot hot-air engine. 
Instead of taking in ‘heat at a high temperature Tj, and 
transforming part of it into work, and rejecting the re- 
mainder at a lower temperatilre Tj, as in the heat-engine, 
the working substance in the refrigerator receives its heat 
at the lower temperature and discharges it at a higher 
temperature tj, the extra energy required being obtained 
from external work done on the gas. The theoretically 
perfect cycle that is reversible is shown in Fig. 4 'with 
pressure-volume ordinates, and in Fig. 5 with temperature- 
entropy ordinates. The first stage of the cycle, A to B, 
consists of the adiabatic expansion of a certain quantity 
of air; the terap/^rature falling from t, ton-j,. From B to 
C the expansibn is 'conlinued isothermally at constant 
temperature r^, th« air receiving heat from tl\e body 'which 
it is desired to cool, the 'amount of heat abstracted being 
equal to the area EBCF (Phg. 5). Compression* commences 
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at C, and is at first carried' on adiabatically at constant 
entropy (or isen tropically) from C to D, the temperature 
ri^ng from to Tj, g.nd 'is finally completed by isothernial 
compression frofn D to A, at constant tem])erature -jii, a 
quantity of heat being rejected to the water-jacket equal 



volume 


Q- 



D 


c 


JtJ —X 

t N TR OPY 


4.- Dlagniu showinj; 'I’licortli- 
cally Reveisiblc ('>« h-, 

\\u!i I'lcssurt \‘olmne ( ij dill. lie-- 


I k. 4— I)iaRrain sliowiiip 'I’heorcti- 
i.dly I’erfrrt Rcvei'>il>lt* 
witli '1 1 ii'jx r ilmc-l'.iitioiiy ( ))tl* 
nalo'^. 


to FDAE. The lieat e\pende<l in the process is the 
equivalent of the work^done on the gas, and is e(}ual to the* 
area ABCD in both diagrams. The heat absorbed from 
the substance to be cooled is equal to the rectangle EBCK 
(Fig. 5), and the elficiehcy, therefore (in its thermodynamic 
sense), is equal to^the^ratio — 

EBCF . T., 

ABC 1 -) “ T, - To 

It is thus seen clearly how the efficiency is increased by 
reducing the difference of temperature between T] and t., 
and as the ratio — 


may sometimes bq greater than unity, it is better known 
as “ th^ coefficient of performance ” (see ^owryd Lectures, 
by Professor* Ewing, on “'J’he Mechanical, Production of 
Cold,”*Societ;j^ of Arts, 1897)^ 

The series of operations iA air refrigerators with an open 
cyclfe is somewhat different, «nd shown in Figs. 6 and 7. 
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Irt this case the air is taken fiom the cold room, and com- 
pressed adiabatically from A to K It is then cooled at 
constant pressure, the tem})eratnrc falling from 11 to C 
?)» contracting in volume from B to C (Fig. 6), after 
which it "is passed into the expansion cylinder, where it 
expands adiabatically “from C to D, and is discharged to 
the cold room again. ' The work done on the air in the 
compression cylinder is equal to the area EBAF (Fig. 6), 
or GCBH (Fig. 7), and that done by the air in the expansion 
cylinder is equal to ECDF (Fig. 6), or GDAII (Fig. 7); so 
that the net external work rciiuired is tlie difference of these 



Fig. 6.— Diagram shotting Operations in Pii. 7- Diagram showing Operations in 

Air Refrigerators with Open i\ii Refrigerators with Open C^cle. 

two quantities, represented by the area enclosed by ABCl.) 
ih both diagrams. The efficiency of the process will be 
represented by the ratio of the two areas — 


ECDF 

ECAF 


(Fig. 0 ) 


but, as AB and CD are similar adiabatic curves, this will 
be equal to the ratio — • 


EC 

Ell 


or 


FI) 

FA 


The following brief extracts from a „ paper on “The 
Theory and Practice of Mechanical Refrigeration," by 
Mr. T. R. Murray, Wh.Sc., read before the Institution of 
Engineers and Shipbuilders, Scotland,' in December, 1897, 
will be of interest : — The entropy diagram (Fig. 8) shows an 
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example of an application to* the cold-air cycle, the aft- 
being taken in at a teniperaturcw /j of i8” Fahr., the 
temperature of the refrigeration chamber, and rejected at a 
tem})erature L of >o“ Fahr., which is the temi)eratiire of the* 
air after being cooled by the cooling waler; the tempera- 
ture at which the col 4 air is discharged into the chamber 
to be taken as — 85*^ Fahr., and the*liighest temperature to 
whicl> it is heated in compression to be taken as 2 Fahr. 
Considering the machine to be theoretically perfect, then 



Fig. 8.-— Entropy JJiagram, showing Application to tlie Cold-air Cyftlc. 

the diagram ABCD is obtained, in which 1) to C is the rise 
of temperature of the air during compression from 18° P'ahr. 
to 70° Fahr. ; CB represents the removal of heat in the 
cooler ; B to A represents the^cooling in expansion cylinder ; 
and A to D, the collection of heat in the refrigerated 
chamber. The proportions of the areas ABCD and ADKP" 
ft*epresent the propprtion of work done to tb^ refrigeration 
produced*. The rectangle AE will be^found ^to 1)0^9*19 
times the rectangle BD. In the working cycle j wher^ the 
air is raised to ^2 50° Fahr. in ’the compressor, this will be 
represented on^the eftagram by point H, and the fall in 
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temperature during coolipg by HB. The temperature 
being again lowered in, expansion cylinder to —85° Fahr., is 
represented by the vertical line lUl, and the collection of 
heat in the chamber by G 1 ). The diagj?am of work if» now 
HlinO; wliich is about 375 times the theoretical amount, 
and when comparedi with the refrigeption done, «ow repre- 
sented by area GDKF, gives an efficiency of only a little 
over 2. Losses by friction, moisture, etc., reduce *this in 
practice to a little over 

Fig. 9 is an entropy diagram for i lb. of saturated 



O *1 ‘t ■> 6 7 « iwo I ifiiv-'i 0 -I ^ b-t 


* F. N T K 0 r Y 

Fig. 0.— Eiitrciin Oi.-Utam f )r i 11 ,. tjf FiG. io.— I'.nlropy Oiaijram foi ill), i.f 
S.Unr.ilcd Xmmoiu.i \ apoi.i ftom .S.itinattd ( arhnnir A, id \’:iponi 

—40 'to r.'ilir from — (u to +100'- I'.dir. 

ammonia vapour, from the temperature of —40° Fahr. 
to +100° Fahr. FE is the basis line, the temperature at 
this point being absolutf zero,“ - 460° Fahr.; A, the absolute 
temperature at - 40^" Fahr. = 420° Fahr. = Tj. ; B, the 
abjsolute temperature at, +100° Fahr.^= 560° Fahr. = Tg*; 
AB = the -entropy at ; and considering tiiat a unit 
weight ofUmiponia, say i lb. is being dealt with,' the length 

AD can be determined by faking^ = 1*436. In 
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the same way, BC = ^ 0*922! The point G lias still to 

* 

be determined in ordej* tcf find the position of point B. 
Considering, however, that DC represents the compression 
in compressor, CB the giving out of heat to the condenser, 
BA the expansion through the orifice ^f expansion valve, 
and AD the taking in of heat in the Refrigerator, it^will be 
understood that AG really represents the entropy* of the 
liquid heat carried into the refrigerator ; and its length may 


be found by the expression 1 


specific heat of liquid between T, and T,. A simpler 


formula is AG = where h 

la 


liquiddieat — liquid 


2 


heat Tj. 

By calculating these values for various temperatures 
between Ti and Ta, the points through which to draw the 
line BA are found. For ammonia it will be found to be 
practically a straight line, so that it is quite near enough to 
find the point B only an 4 draw a straight line between A 
and B. By plotting as abscissae the values of the entropy 
of the latent heat at same temperatures, the curve CD will 
be formed, ^ , 

Fig. 10 is an entropy, diagram for i lb. of saturated carbonic 
acid vapour from the temperature of —40® Fahr. to 
Fahr., the same construction also applying in this case, 
but the formation being a continuous curve with a roilnded 
top. To find the efficiency, by means of these diagrams, 
of a machine working with the same temperatures T, and 
Ta as taken with the cold-air cycle, and considering, in the 
first place, the cycle as being the Carnot or perfect one, 
compression and expansion will both be adiabatic, therefore 
they will be represented by vertical lines, and the giving up 
of heat to the condensjer, as well as the collection of same 
in the refrigerator, being isothermal, then, will ije s^own as 
horizontal lines. * Draw horizontals a^and and verticals 
^^/and chg* TJien the area d h wilFrepreseiTt the worle of , 
the compressor, and th*e area the refrigeration done, 
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These equal respectively b£*X To — Ti, and be X Ti. 1 he 
efficiency will therefore = iV) ” 9‘^9 before. 



-Entropy Diagram, showing Working Cy.Ie for i lb. of Saturated Ammonia \ apour 
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that the cooling agent simply circulates in pipes througl/ 
the chambers being cooled, and miist»of necessity be coldt r 
in order to secure a traivsfertnce of heat. 'L'he difference in 
temperature depends on the cooling surface, or lejigth o< 



piping, as compared ivith the cubic capacity of* cjiamber, 
and may be in practice- from io° to 25° Fanr. Suppose that 
allowance be ma^e for a difference Of 18° I^hr., then the 
lower temperature Ti will correspond to 0° Fahr. Again, the 
W’orking'cjcle falte away from the* Carnot cycle in not being 
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revel sible, owing to expansion taking place through a small 
orifice instead of by means of an expansion cylinder. Thus 
the liquid carries a certain amount of heat into the re- 
frigerator, which goes to heat up the expanded gas, render- 
ing part of it unavailable for refrigeration. The amount of 
this liquid heat vaiies for each agent, and the entropy 
diagrams, Figs. 1 1 and 1 2, to a larger scale, show the working 
cycle in each case. In these, the areas agb represent the 
additional work that the* use of an expansion cycle would 
have obviated The heat which ought to have been spent 
in producing this work ds carried by the liquid into the 
refrigerator, and this therefore falls to be deducted from the 
refrigeration done, so that the latter is now represented by 
the area gihef^^ being less than before by the rectangle ^/i, 
which is equal to area agb. 

Comparative Efficiency of Refrigerating Machines. 

Professor Ewing estimates the efficiency of the absorp- 
tion machine at from two and a half to three times that of 
the cold-air machine, and the efficiency of the vapour- 
compression machine at from five to six times that of the 
cold-air machine, and from dwo and a half to three times 
that of the absorption machine. 

In comparing one system with another, the theoretical 
values obtained at the machines are not sufficient, as the 
combined losses iri piping, brine cooling, circulating pumps, 
.fens', »and any other auxiliary apparatus, must be con- 
sidered, and only the actual net useful duty performed 
takerf into account. And further, an amount must be 
added to the capital interest in a plant for recharging with 
gas (except air machines), including incidentals such as 
calcium chloride and other items necessary to the system. 

^ Refrigerating machines, to be efficient, must be efficient 
when working in hot weathej or tropical climates. Some 
systems fall off considerably when th*e cooling water is 
about 60° Fahr., and the atmospherp above 70° Fahr., and 
in {iome,the#cost of working is so higk under tropical coA- 
ditions as, to render tbeir use almost prohibitive. The cold- 
air* system dots not fail off in the same ratio, and for many 
purposes is the most economical; All^the losses under 
this system are in the machine, as ftie ahr after leaving the 
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machine does not pass through "any secondary process, bul 
is conducted direct to the storage or cooling chamber 
without the use of brine, circulation pumps, fans, etc. 

Rajig of Pressure of SCL, NIP., and CO... 

{From Landoll Bonnie ht\s Phy.\iio-Chetuual Lnirr C"' Co , 

* /./(/., Catalogue.) 


v\ i-ssurt expTi'ssfd in p'liuuK jx r im li. 

'1 c'lnperattiR- in - - — 


Degiecs Fahr. 

Sulphinnns Acid. 

^\nMn(im.i. 

( A(u 1 . 


SOa. 

KH, 

1 ()>: 



\?. 

276 

+ s 


18 

325 

14 

0 

27 

374 . 

23 

4 

55 

435 

32 

8 

l'» 

502 

41 

II 

50 

5 f>() 


18 

7.5 

6(10 

59 

25 

00 

750 

C8 

32 

108 

8.jO 

77 

41 

12') 

650 

86 

51 


1 .060 

05 ! 

O2 

► 180 

1,280 

104 

7.5 

208 

1,320 



it* It.. t,p-j-Difigram sliowiftc Los* 
of EnTiciency with NH3 and 
CO2 owing lo<<ise of Expan- 
sion Valve. — \Murray.lnst. 
Engrs, an(C Shifibialtien., 
Scttland^ 1897.) 



Fig. 14.—- DiaRmni showing Per- 
iienlageof l^fiticncy of Woiik- 
irg Cycle of (.'O2 as compared 
with NH3. — {Murray:^ Inst. 

and Shipbuilders ^ 
Scotland ^ i897>) 
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Rfsults of TEbf Kxpj rimlnts with Cold-air 
Machines. 



» 

d 

, c 

Cfvle*s“Arctic”t 


a 

«■! 

u 

No. 4 

‘'IZO. 

No. I 
Size-. 

Di.inictci of comp. cv. in ins. 


2S 

1 1 


Di.imctcr of c\]). cv. in in'’’. . , 


21 

9 

si 

Sli olce oT each 

.V' 

21 


S 

Kevs. per minute 

Air pres, in rcccivci (.ibs.) in Ilis, 


2 


itiO 

per sq. in 

Teii\n. of air entering comp. cy. 
(cont. vapour iqi to 88 per cent. 

64 

61 

bS 

75 

of sat.) in deg. Fahr 

Temp, of comp, air admitted to 

— 

<^ 5-5 

48 

46 

exp. cy., Fahr 

— 

— 

35 

— 

Temp, of air after expansion, Fahr. 

-8s 

“52 

~8r 

-98 

Init. temp, of cooling water, Fahr. 

I. II.P. iu comp, cy., , 



62 

41 

34 b -4 

> 24*5 

> 4-5 

3*28 

I. II.P. in exp. cy. .. 

Per cent. of I. II.P. of comp, retaired 

i;6-2 

S 8*5 

7*8 

1-68 

in expander 

51 

47 

54 

S> 


E^FFEcyivE Cooling Tower obiainabi.e from the ex- 

FENDIIURE OF ONE POUND OF S'JEAM IN THEORETI- 
CALLY Perfect MacHINES.~( 7 wj«:<?w ITavimericKs Cat.) 

Annnonia by the absoiplion 

system. Tlicnual Units 294 equal to 24 lbs. of icc per lb. 

of coal consumed. 

Caibonic Anhydride ... 652 equal to 26 lbs. of ice per lb. 

of coal consumed. 

Ammonia by the compres- 
sion system 978 equal to 40 lbs. of ice per lb. 

of coal consumed. 

N ^ ■ 

• “ Procec'^ingr^ Manchester Society of Enjgineers,” 1894. 
t Prof. Schroeter, “ Untersuchungen an KaeJtemaschieren Ver- 
schiedener Systeme,” 1881. 

X A. J. wallis-Tayler, A.M.TX).E,, 1902. 
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Tests of Ammonia and Ca^^honic Acid Machines. 

(jSchroeter^ Experimental Refrigerating Station^ Munich, Germany.) 

^ • ^ _ _ -w* 

I AMMONIA MAC HIKE. | 


Temper.-iture m , 1 | | 

1 brine tank, dc- [ [ ' i 

I grees Celsius ^ — b i i —6-4 — 6-4 —4 8 

! i ! ’ ' 

: Temperature in | 

I condenser, de- I 

j grees Celsius { 21-4 2i‘4 j 21-4 , 34 9 


Temperature i f 

befoie expan- j | I | 

sion valve, de- i ' j 

grees Celsius —6*7 ii-6 i 18*4 28-3 . — 7*0 


— 4*0 '-4’S -4 S — C 7 


200 21-2 22*2 30 


lO'O 16*8 28*8 


Refrigeration 1 i ' I 

per hour, per j ; | 

horse power of ' , ' 

, steam-engine j , • ; 

in calories . . ! 3897 | 3636 i 3508 . 2237 1 3'^o2 317^? 2867 1477 


msmmm 



Fig. 15.— Diagram showingj^oss of 
Efficiency with Hrinr Circula- 
tion compared with Direct Ex- 
pansion of lUiTis.T-iMurrax, 
Inst. ^Hgrs. andShipfytildeis, 
Scotland, 189;^ 


Fj(,. t 6. — Diagram showing Rehative 
Compressor Capacity with NH*j at 
varictis E^paiisim I'^^surcit and 
Temperatures. — {AfMrray, Inst. 
- Kngrs. and Slfifibutlders, Scotland, 


Kngrs. and Sliipbx 
189/ ) 


* D4. Mollier has sineg proved these results 
Zeitschrifl fiir Jlie Gc-.mmite Kalt% Industrie.’ 


to be incoiTocl. See 




Critical Point for Carbonic* Acid, COo. 

The critical point or temperature above which carbonic 
acid cannot be caused ,to change from a gaseous to a liquid 



Fifi. i6a — 1 'heta-pbi Diagram for Carbonic’ Acid. Metric I'nils being employed —{Ih. AJoUm ) 


condition is 88*43"', and the critical pressure 1071 lbs. per 
stp in. On approaching the critical point or temperature 


1 

1 tmpe- 
rjitinc. 

i . ! 

1 1*1 essure m , 

lortcnt 

\ okime of 

Volume pel 

1 

1 

II s per 

1 M,. in. 

heat 

V, T i;. 

1I> in 
cub. ii. 

uf refrige- 
raiiuti. 

Water .. .. | 

^2^ T. 

! 0-085 ; 

iog2 

3416 

- . 

3129 

Sulphurons ajiid 

32" F, 

! 22-50 

164 2 

3 4 

20-71 

Ammonia [ 

32" F. 

, 61-80 1 

568 

4*8 

8-45 ! 

Carbonic acid . . -j 

32‘> F. 

i 5?5'oo 

1 

998 

0-17 

'L 

I 703 j 


Noti'. — T he volume s\/ept out by the pump is comparatively trifling. 
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the amount of the latent heat 
portionately to the liquid hcatj 
water at high tcmpcKitures, 
such as are only available in 
tropical countries, considerable 
loss of efficiency is experienced. 

The critical points for am- 
monia and sulphurous acid are 
so high (266-0'’ Fahr. and 
312-8' Fahr. respectively), as 
to be outside the ranges of 
temperature met with in re- 
frigerating plants. The critical 
pressures are 1624-0 lbs. per 
.sq. in. for NH;„ tind 1159*6 
lbs. per sq. in. for SOu. 

Choice of a liquid for use 
in a compression machine 
depends firstly upon thermo- 
dynamic, and secondly upon 
practical considerations. The 
table on p. 24 by Proft G.* 
J. Wells (“Proceedings, Inst. 
Marine Engineers, 1913-14”) 
illustrates some of these points 
in a clear, concise form.* 
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This Idss tells very heavily against CO.# If the upper ( 
temp, limit had*been taken at 86*^ Fahr. instead of 68"* Fahr. 
the coihparison*would*be still more unfavourable to CO.^. 
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The Production of »very Low Temperatures. 

The idea of self-in tensive refrigeration, or the regenera- 
tive process, seems to have occurred to Siemens, Coleman, 
Solway,, and others many years ago, the first-named having 
applied for a patent in Germany for such a process as 
long ago as 1857 ; arid in 1885 the Ltter patented a similar 
device ^and made an' apparatus by means of which, how- 
ever, he was only able to obtain a temperature as low as 
— 140° Fahr., and was not successful in liquefying air. 
The first perfect self-intensive refrigerating methods are 
due to ^Professor Linde and Dr. William Hampson. 

The methods primarily employed for the production of 
intense cold were arranged to operate upon what is known 
as the cascade system ; that is to say, carbonic acid, methyl 
chloride, nitrous oxide, or any other gar capable of being 
easily liquefied, is first compressed by a pump, then cooled 
by water, and finally allowed to pass through a contracted 
orifice or expansion valve, at lower pressure and reduced to 
a temperature of, say for instance —110° Fahr., and back 
again to the compression pump, — in fact, a precisely similar 
cycle to that of the ammonia compression machine. The 
low temperature liquid and vapour thus produced then 
performs a second cycle, taking the place which water takes 
in the first, and is used to effect the cooling and condensa- 
tion of ^ gas of a more volatile nature, such as ethylene, 
which latter, on passing the orifice or expansion valve, 
Irque'^ftes and vaporises at a still lower temperature, of, say, 
about —155° Fahr., the exact degree varying according 
to the pressure maintained on the suction side of the 
compressor pump. By the ethylene, compressed air or 
oxygen is cooled in a like manner, and the pressure of the 
liquid air or oxygen being reduced by passing through an 
expansion valve, becomes partly vaporised by its o^ heat, 
that portion remaining a liquid under atmospheric pressure 
being reduced to the boiling point of air. 

In the self-intensive, or regenerative, method of producing 
vety low temperatures, only one circuib- of gas is required, 
viz. that the air to be liquefied. ■ This air, starting at 
an -ordinary teinperature, with the assistanjce of only water 
as a refrigerant, lowers by degrees its own temperature of 
expansion, by returning over the coils of«compressed gas 
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in the above-mentioned manner,* until it reaches the boiling 
point of air, the liquid then commejicing to collect at the 
pressure of the atmosphere.* 

The improved ?ipparatus of Dr. Hampson is /ounded 
on the well-known fact that any gas, when expanding 
through d small aperture, will perfoAi such work upon 
itself as to effect a reduction of temperature, and this 
effect *witli air, although not large, is still appreciable. 
'I 'he whole of the gas expanded is used to lower, to a small 
extent, the temperature of the gas passing to the expansion 
aperture. This results in the gas expanded being spmewhat 
1' «^er in temperature than that previously expanded, and con 
sequcntly the succeeding gas is cooled to a further reduced 
temperature, proceeding thus until the gas attains such a tem- 
perature that it commences to liquefy, or until such time as 
the removal of the heat within the apparatus becomes counter- 
balanced by the access of heat from the exterior thereof. 

The apparatus employed is mainly composed of a series 
of long, well-insulated, fine copper coils, through which the 
gas passes to the expansion valve, the arrangement being 
such that the expanded gas has to flow over the entire 
external surface of the coils before being removed, so as to 
abstract as much heat as practicable from the entering gas. 



Fig. 17.— Diagram showing Hamp- Fic. lE-— Di#grain* 4 iowftig Liifdc’s 
son’s Apparatus* for .the* Prodiic- App.aratus for the rf’ioduction of 

tion of fery Low Temperatures. , viyry Low Tepperalurts. 

Capacity of ^Refrigerating Machines. 
Refrigerating*machines are fated in two ways, viz. ice- 
making Capacity, or ton! .of ic^ they will produce in one 
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day of twenty-four hours f and refrigerating capacity, of 
cooling work done by one ton of ice melting per day of 
twenty-four hours. Roughly,' the first or ice-making 
capacity of a machine may be taken t6 be about one-half 
of the refrigerating capacity. This, however, is only an 
approximation, as the tons of ice a refrigerating machine 
is capable of making 'depends upon the initial temperature 
of the water to be frozen. The unit of capacity is one ton 
of ice made from water ‘at 32° Fahr. into ice at 32° Fahr. 
per day, which, according to practice here, is equal to 318,080 
lbs. of ^ater cooled one degree, or to 318,080 heat units or 
thermal units ; and, according to American practice, is equal 
to 284,000 lbs. of water cooled one degree, or 284,000 heat 
units or thermal, units ; and this is the tonnage basis for 
refrigerating capacity as well as for ioe-makinfr capacity 
when ice is made from water at 32° Fahr. I’he differ- 
ence between English and American practice is due to 
2240 lbs. being taken to the ton in the former, and 2000 
lbs. in the latter case. 

The real ice-making capacity of a machine is dependent 
upon the temperature of the water to be frozen, and is 
calculated as follows : i lb.* of ice in melting into water 
at 32° Fahr. will take up 142 positive units of heat, it 
follows, therefore, that water at 32° Fahr. will require 142 
negative ;units of heat to make it into ice. Say that if the 
water to be frozen, for instance, bf. at, a temperature of 72° 
Sahr.jcit must first be cooled down to 32° Fahr. before 
freezing commences; therefore 72°— 32° = 40° -f 142 = 
182 heat units per pound of water frozen. Ice made 
artificially is usually much below 32° Fahr., as the tempera- 
ture of the bath in which it is made ranges about 20® 
below freezing point, and consequently this work has also 
to be added. Taking into account the specific heat of ice, 
this additional negative heat approximately equals lo units. 


which added to 182 = 192 ; therefore 


142 X 100 
192 


= 73 ‘ 963 . 


or iiearly^74'i)fer cent, tons of ice made *per ton refrigerating 
capacity. *For, greater accuracy, allowances must also be 
made for losses by ice taiik and can ex»posure, wastage, 
thawing out of moulds, etc.^^ etc. 



{Xorman Selfe, Machinery for Refrigeration r 
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The following table from the De La Vergne catalogue admits of the meap pressure* in the 
jressor, and indirectly the w'ork of the compressor being approximately ascertained from 






Table Giving Number of Cubic Feet of Gas that must be Pumped Per Minute at 
Different Condenser and Suction Pressures to Produce One Ton of 
Refrigeration in 24 Hours. 

(Professor Siehel, Compend of Mechanical Refrigeration:*') 
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Approximate Allowances per Ton Capacity id be 

MADE WHEN SELECTirjG A MaShINE FOR REFRIGER- 
ATING Ice Jifachme Company.^ 

Beer wort : 1 5 barrels per ton on Baudelot * cooler. 

One thousand gallons sweet water f)er- ton from 70° to 
40°. Six beeves, 600 to 700 lbs. each, per ton. Ten to 
twenty hogs, per ton. One thousand cubic feet oT space 
per ton for small machines up to tons. Four thousand 
cubic feet of space per ton for machine from 10 to 15 tons. 
Ten thousand cubic feet of space per ton for larger 
machines used for general purposes. 

The above will serve as a guide, but it must be borne in 
mind that the climate, construction, apd exposure of 
buildings that ar^ to be refrigerated, character oC the 
insulation, management and method of handling work, 
all have to be taken into consideration. (See also Section 
on Cold Storage.) 

Condensers. 

On the efficiency of the condenser largely depends the 
economical working of tjie machine. Condensers are of 
two kinds or classes, viz. the submerged and the open air, or 
atmospheric, the latter being the more economical in the 
matter of cooling water, but occupying^ the larger, amount 
of space. 

According to Professor Siebel, under average conditiona 
(incoming condenser water 70®, and outgoing condenser water 
80®, more or less), for each ton of refrigerating capacity (or 
for one half-ton of ice-making capacity) 40 square feet of 
condenser surface, corresponding to 64 running feet of 2-inch 
pipe, and to 90 running feet of ij-inch pipe, will be re- 
quired ill a submerged condenser. The amount of cooling 
water used varies from 3 10,7 gallons per minute per ton 
ice-making capacity in twenty-fcTur hours. The pipe 
required in an open aij condenser is 40 square feet per ton 
df refrigerating capacity (or for one half-ton ieg-maWh^ 
capacity), equivalent to 64 running feet df 2-in«h pipe, or 
90 running feet of i^-inch pipe. The amount of cooling 
water used is abftut 50 per cent less than with condensers 
of the submerged type.* 



RKFRIGKKATION AND ICE^MAKING. 

Double pipe condensers' are made which are claimed to 
possess the best qualiHes of both submerged and open air 
condensers. This condenser Consists of a coil made up 
with one pipe inside another of larger cTiameter, the cooling 
water circulating through the internal pipe, and the com- 
pressed gas in the ^Innular space op clearance between the 
two pipes. The gas is thus exposed to the action of both 
cooling water and the atmosphere. 


Evaporation of lA(imTi 5 —{Lightfoot.) 


Liquid or ga«. 

Water. 

Anhydrous 

Ammonia. 

Sul- 

phuric 

ether. 

Mythylic 

ether. 

Sulphur 

diox- 

ide. 

Pictet’s 

liquid. 

Specific gravity ofj 

0622 



rCi 



vapour, compaicd \ 

0*59 

2*24 

2*24 

— 

with air«=i 

•000 J 









Fabr. 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Boiling point at J 







atmospheric pres- > 

212” 

• 37 * 3 ° 

96“ 

~io-5 


-2*2° 

sure . 

. .1 







Latent heat ofvapor- 1 
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isation at atmos- 1 
pheric pressure ,) 

966 

900 

165 

473 




Fahr. 

lbs. 

lb». 

tbs. 

lbs. 

lbs. 

lbs. 

i F> 

- 40 ” 

— 20” 

— 

19*4 

— 

12*0 

57 

11*6 

c ^ 

0’ 

— 

30*0 

i‘S 

18*7 

9*8 

* 5*4 

(A c 

+ 20'’ 

— 

477 

2*6 

28*1 

16*9 

22*0 


+ 32 ° 

0*089 

6i*5 

3*6 

36*0 

22*7 i 

27*0 


+ 40” 

0*122 

73*0 

4 'S 

42-5 

27*3 

3**3 

+ t)0” 

0*254 

108*0 

7*2 

6ro 

■41*4 

44*0 


+ 80’ 

0*503 

I 52’4 

10*9 

86*1 

60*2 

60*0 


100° 

0*9|2 

210*6 

i6*2 

n8*o 

84*5 

79-1 


120° 

1*685 

2837 

23*5 

— 

1 * 7*5 

99*7 

V 

110” 

2*879 

— 

: 3-5 

— 

— 

-■ 

' a ui 

100” 

4731 

— 


— 

— 

— 

I?! • 

■< >1 B 

180'' 

7 - 5 ” 

— 

62*0 

— 

— 

— 

9 , 00 ’ 

11*526 

— 

8i*8 

— 

— 

— 

It 

212” 

147 


96*0 
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refrigeration in general. 

Table showing Pressure anA Boiling Point of some 


OF THE Liquids available fcXr Use in Refriger- 
ating MACHiyES.-*-(/<f^<?//^.) 


Tempera- 
ture of 
Ebullition. 

• 

• 

• 

, Tension of V^our, in pounds per aquarc inch, above 
• Zero. 

• 

• 

Dejf. 

Sulphuric 

Sulphur 

Ammonia. 

*Methylic 

Carbonic 

Piftet 

Fahr, 

Ether. 

Dioxide. 


Ether. 

Acid. 

I'iulii. 

(0 

(2) 

( 3 ) 

( 4 ) 

. ( 5 ) 

(6) 

(7) 

—40 

— 

— 

10*22 

— 

— 

* — 

—31 

— 

— 

13*23 

— 

— 

— 

—22 

— 

5-56 

16*95 

11*15 

— 

— 

-13 

— 

7-23 

21*51 

13*85 ■ 

251*6 

— 

— 4 

1-30 

• 9*27 

27*04 

17*06 

292*9 

< 3*5 

5 

170 

1176 

3367 

20*84 

340/ 

I 6*2 

14 

2-19 

H 75 

41*58 

25-27 

393*4 

19*3 

23 

279 

18*31 

50*91 

30*41 

453*4 

22*9 

32 

3*55 

22-53 

6 i*% 

36*34 

520*4 

26*9 

41 

4*45 

27*48 

74*55 

43*13 

594 *''' 

31*2 

50 

5*54 

33*29 

89*21 

50*84 

676*9 

36*3 

59 

6-84 

39*93 

105*99 

=; 9’56 

766*9 

41*7 

68 

8-38 

47*62 

125*08 

69*35 

864*9 

48*1 

77 

1019 

56*39 

•146*64 

80*28 

971*1 

55*6 

86 

12-31 

66*37 

170-83 

92*41 

1085*6 

64*1 

95 

1476 

77*64 

197*83 

— 

1207*9 

73*2 

104 

» 7*59 

90*32 

227*76 

— 

1338*2 

82*9 


Table of Specific Gravities and Percf.ntagf^ of 
Ammonia.— •(C dJ/'/z/j.) * ** 


Degrees 

Heaum^. 

Specific 

Gravity. 

Percentage. 

Degrees 

Beaiime. 

Specific 

Gravity. 

Percentage. 

10 

1*000 

0 

21 

0-9271 

19*4 

II 

0*9929 

1*8 

22 

0*921 

21*4 

12 , 

0*9859 

3*3 

23 

0*915 

23*4 

13 

0*979 

5*0 

24 

0*909 

25*3. 

14 

0*9722 

6*7 • 

25 

0*9032 

27*7 

15 

0-9655 * 

8*4 

26* 

0*8974 

30*1 

16 

0*9589 

100 

27 

0*8917 

32-5 

17 

0-9523 

11*9 

28 

0*886 

35*2 . 

18 

• 0-9459 

► 13*7 

29 , 

0‘88«|g 

• •• 

19 

0*9395 . 

15*5 

30 

•0-875 . 

• • 

20 

• 0-9333 

. 17*4 

• • • * 

•• 

U 


•*Known by the tr^de as 29J per cent. 

Note. — T he specific gravity of pure anhydrous ammonia is •62.'?. 
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REFRIGERATION IN GENERAL. 
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REFRIGERATION AND ICE-MAKING. 


Solubility of Ammonia in Water at Different 
Temperatures. — 


Dep’-c«*8 

F.ihr. 

Sb. of Nils 
to I lb. 
of Water. 

VoV’meofNHs 
in I Volume 
of Water. 

Deirrert 

Tabr. 

.Sb.ofNHs 
to I 11). of 
Water. 

volume of NHs 
in I Volume 
of Water, 

320 

0*899 

1,180 

125*6 

0*274 

359 

35 -<> 

0-853 

1,120 

129*2 

0*265 

348 

30-2 

0*809 

1,0<>2 

132*8 

0*256 

336 

42-8 

0*765 

1,005 

'36-4 

0*247 

324 

46-4 

0*724 

95 ' 

140*0 

0*238 

3'2 

50-0 

0*684 

898 

> 43*6 

0*229 

39' 

53 'f^ 

0*646 

848 

' 47*2 

0*220 

389 

57'2 

0*611 

802 

150*8 

■0*211 

277 

6o-8 

0*578 

759 

' 54*4 

0*202 

265 

64-4 

0*546 

7'7 

158*0 

0*194 

254 

O8'0 

0*518 

683 

l6i*6 

0*186 

244 

71'6 

0*490 

643 

165*2 

0*178 

234 

75-2 

0*407 

6'3 

i68*8 

0*170 

223 

78 8 

0*446 

585 

172-4 

0*162 

212 

82-4 

0*426 

■ 550 

176*0 

0*154 

202 

86-0 

0*408 

53 '* 

179*6 

0*146 

192 

89-2 

0-303 

5‘6 1 

i8S'2 

0*138 

181 

93*2 

0-578 

496 

i86*8 

0*130 

170 

96-8 

0-363 

478 

190*4 

0*122 

160 

i(X)*4 

0-350 

459 

194*0 

0*114 

149 

104*0 

0-338 

- 444 

197*6 

0*106 

139 

107*6 

0*326 

428 

20’ *2 

0*098 

128 

^111*2. 

0-315 

414 

204*8 

0*090 

118 

114*8 

0*303 

399 ' 

208*4 

0*082 

107 

1 18*, 4 

0*294 

386 

212*0 

0074 

97 

122*0 

0*284 

373 

•• 

•• 



The Forecooler. 

This is a supplementary condenser through which the 
compressed ammonia passes before reaching the main con- 
denser, and fpoled by the overflow a*^er from the latter. 
If composed of one c6il, it should be. the same size as dis- 
charge pipe frocn compressor; if of a. number of coils, the 
manifold pipe, and the aggregate area openings of small 
pipes, should be equal to that of the discharge pipe. 
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Solubility of Ammonia in* Water at Different 
Temperatures aijd Pressures. — (Sims.) 

I lb. of water (alio uifit volume) absorbs the following 
quantities of ammonia 


Absolute 
Pressure* 
in lbs. 
per sq. in. 

3*® 

F. 

• 

68" 

F. 

• 

,104 

‘F. 

212 * 

F. 

lbs. 

TOls. 

lbs. 

\ols. 

• lbs. 

vols. 

grms. 

voK. 

14-67 

0-899 

i-i8o 

0-518 

0-683 

0*338 

0-443 

0-074 

0-97 

15-44 

f ^-937 

1*2^1 

0*535 

0703 

0*340 

0-458 

o'&yH 

0-102 

16*41 

0-980 

1*287 

0-556 

0*730 

0-363 

0-476 

0-083 

O'lOQ 

17*37 

I 029 

1-351 

0*574 

0-754 

0-378 

0-496 

o-o88 

o-iiS 

i «-34 

1-077 

1-414 

0-594 

0-781 

0-391 

p -513 

0-092 

0-120 

19-30 

1-126 

1-478 

0*013 

0-805 

0-404 

0-531 

0-096 

0-126 

20-27 

I-177 

1-548 

0-632 

0-830 

0-414 

0-543 

o-ioi 

0-132 

21-23 

1-236 

1*615 

0-651 

0-855 

0-425 

0-558 

0106 

0-139 

22-19 

1-283 

I -‘685 

0-669 

0-878 

0-434 

0-5:0 

0-110 

0*140 

23-16 

1*336 

1*754 

0-685 

0-894 

0-445 

0-584 

0*115 

0-151 

24-13 

1-388 

1*823 

0-704 

0*924 

0-454 

0-596 

0-120 

0-157 

25-09 

1-442 

1-894 

0-722 

0*948 

0-463 1 

0-609 

0-125 

0-164 

26-06 

1-496 

1-965 

0-741 

0*973 

0-472 

0-619 

0-130 

0-170 

27*02 

1*549 

2-034 

0-761 

0*999 

0 - 4/9 

0*629 

0-135 

0*177 

27-99 

1*60:5 

2-105 

0-780 

1-P23 

0-486 

0-638 

. . 


28*95 

1-656 

2-175 

o-8oT 

1*052 

0-493 

0-647 

.. 


3 o*fi 8 

1-758 

2-309 

0-842 

l’io6 

0-511 

0-671 

.. 

. . 

32-81 

1-861 

2-444 

0-881 

1-157 

0-530 

0-696 

• • 

. . 

34-74 

1-966 

2-582 

0-919 

1*207 

0-547. 

0-718 


.. 

36-67 

2-070 

2-718 

0-955 

1-254 

0-565 

0-742 

.. 

.. 

38-60 

.. 

. . 

0-9^2 

1*302 

0*579 

0-764 

.. ^ 

* L* • 

4053 

•• 

*• 

• • 

••• 

0-594 

0-780 

•• 

• • 


Solubility of Ammonia in Water at Different 


Tem peratukes.— 


Decrees 

Celsius. 

Degrees , 
Fahrenheit. 

lbs. of 
NHs to . 
X lb. of 
Water. 

DcKrecs 

Celsiits. 

Degrees 

Fahrenheit. 

lbs. of • 
NHs to 

X lb. of 
Water. 



^ 



• • 

• • 

0 

32-Q. 

0-875 

8 

.46-4 , 

0-713 

2 

• 35*6 

■ *0-833 

10 

50:0 

0 679 

4 

39*2 

•0-792 

• 12 • 

53^6 

o*f 45 

6 

42*0 

• 

0-751 

’ 14 

• 

57-2 

0-612 
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Solubility of Ammonia in Water at Different 
Temperatures.— ( Continued^ 


Ocgrees 

Celsius. 

Degrees 

Fahrenheit. 

lbs of 
NHjto 
^ t Ib. of 
Water. 

Degrees 

Celsius. 

1 

Degrees 

Fahrenheit. 

lbs. of 
NHjto 
, I lb. of 
Water. 

l6 

6o-8 

0*582 


96*8 

0*343 

i8 

64-4 

0 ' 5 S 4 

38 

100*4 

0*324 

20 

680 

0*526 

40 

104*0 

0*307 

22 

71-6 

0*490 

42 

107*6 

0*290 

24 

75-2 

0*474 

44 

111*2 

0 275 

26 

78-8 

0^149 

46 

114*8 

0*259 

28 

82-4 

0/\2b 

48 

118*4 

0*244 

30 

86-0 

0*403 

50 

1220 

0*229 

3a 

89-6 

0*382 

52 

125-6 

0*214 

34 

93*2 

0*362 

1 

34 

129*2 

132 8 

0*200 

o*i86 


Strength of Liquor Ammonia. 


Percentage of 
Ammonia by 
Weight. 

Specific jravif^ 

Degree s Bcaumu, 
Water, 10. 

0 

1*000 

10*0 

2 

0*986 

12*0 

4 

0979 

13*0 

6 

0*972 

14*0 

S 

0*966 

15*0 

10 

0*960 

16*0 

12 

0*953 

17*1 

14 

0*945 

18*3 

t6 

0*938 

19-5 

18 

0*931 

207 

20 

0925 1 

21-7 

22 

0*919 

22*8 

24 

, 0*913 

23'9 

26 

0*907 

24*8 

28 

0*902 i 

25*7 


0*897 

26*6 

0 32 

0*892 

27/5 


0*888 

28*4 

36 

©'‘*884 

29*3 

38 

o*88o 

3 o “2 


1 

J K 
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Yield, etc., of Anhydrous ‘Ammonia from Ammonia 
S oLUTioN.s. — {Redwood,) 


1 


— • 




.1 

SOLUnON 


ANHYDROUS AMMONTA. 


• 

• 


• 



Wciifbt of Ice. 


i"*- 

1 =-^ 

• 






0 





*: 

* 

P r 




a 

fS 

bi> 

0 d 
« 2 

S 3 

•0 . 

• <D 

11 

t:".c 

ga 

i/i'rt 

dt 


• 

0 E 0 

r j 

£ 

1 

Ah 




;ss,g 

• 





_ 




• 

347 

7-09 

26^ 

491 

3*«77 

59 5 

43*4 

^2-8 

7*17 

3‘S'' 

4'i'‘ 

2-8.jr 

54 9 

39 6 

310 

7*25 

50" 

4^9 

2-0lO 

5^^- 7 

3O 0 

29-0 

7*34 1 

(»2° 

382 

2-379 

40-f» 1 

32-5 

27-2 

7-42 1 

74'" 


2*130 

41*7 

2(^1 

2 b 0 

7*4S 

83® 

320 

T-99i 

3«-5 

26 () 

25-0 

7*SO i 

80° 

3'* 

»t)37 

37*5 

25 8 

23 7 

7*5'> 


2^7 

1*726 

33*4 

22-8 

22‘2 

7 <*7 

1 ro° 

1 

244 

1*520 

29*4 

19 7 


Tempera rORKS to wohch Ammo\"ia (L\s is rvSkd, 
CY Compk’ession. 


Temperature 
of Suction. 

Absolute 

Con- 

flensins: 

Prossuie. 

AIISOLUIE SUCTION PRE.SSURE. 

20 

25 

30 

35 

HO 

45 

0“ Fahr. 

9CP 

199 

•165 

.138 

II6 

98 



100 

216 

181 

153 

I3I 

»i3 

97 


no 

/ 232 

196 

1 06 

145 

120 

109 


120 • 

^^245 

211 

181 

‘5«.^ 

n8 

r2i* 


J30 

2O1 

222 

193 

• I09 

.150 

132 

» 

140* 

■ 273 

23i 

205 


lOi 

143 


^50 

285 

24b 

ciO 

I?I 

171 

’*53 


160 

,296 

257 

226 

202 

181 

163 


• 


• 
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Temperatures to which Ammonia Gas is raised by 
Compression. — {Coniinued.) 


Tetaperdturo 
of Suction, 

Absolute 
Con- 
flensinjT ' 
Pressure 

ABSOLUTE SUCTION PRESSURE. 

20 

25 

lo 

35 

40 

45 

5° F.ihr. 

90 

266 

172 

145 

123 

104 

89 


100 

223 

186 

160 

138 

II9 

103 


no 

230 

203 

174 

I5I 

132 

"5 


120 

254 

218 

188 

»h 3 

'45 

127 


130 

268 

230 

200 

176 

' 5 f> 

'39 


140 

281 

242 

212 

188 

107 

150 


150 

293 

254 

223 

198 

178 

I 90 

lo'^ Fahr. 

160 

305 

265 

234 

209 

188 

170 

90 

213 

I 7 « 

I5I 

129 

110 

96 


100 

231 

195 

167 

144 

'25 

109 


no 

247 

210 

181 

158 

139 

122 


120 

261 

226 

195 

17I 

I5I 

134 


130 

275 

237 

207 

183 

'<>3 

145 


140 

289 

250 

219 

195 

'74 

ISO 


150 

301 

262 

231 

205 

'85 

167 

Fahr. 

160 

3^3 

273 

241 

216 

'95 

176 

90 

221 

?«5 

158 

135 

117 

lOI 


100 

238 

202 

J73 

I5I 

131 

"5 


no 

2 .S 4 

217 

188 

194 

'45 

128 


120 

269 

233 

202 

178 

'58 

140 


130 

283 

245 

214 

I9I 

170 

152 


140 

297 

257 

226 

202 

181 

163 


150 

309 

269 

238 

213 

192 

'73 

20” Fahr. 

160 

321 

. 281 

249 

223 

202 

183 

90 

228 

192 

164 

I4I 

123 

106 


100 

245 

209 

180 

'57 

'37 

121 


no 

262 

224 

195 

171 

150 

'34 


120 

277 

240 

209 

1 185 

164 

146 


130 

291 

252 

222 

197 

176 

'58 


140 

305 

265 

234 

209 

188 

169 


150 

317 

277 

245 

220 

198 

180 

25'’ Fahr. 

160 

329 

288 

256 

230 

209 

190 

90 

235 

^99 

171 

^ 148 

129 

III 


100 

252 

216 

187 

163 

144 

127 


no 

269 

230 

200 

178 

'55 

140 


. 120 

284 

247 

2If 

191 

I 7 I 

153 


* 3 C 

299 

259 

229 

204 

'83 

165 


140 

313 

271 

241 

21*6 

'04 

176 


150 

325 

' 284 

253 

227 

205 

187 


160 

338 

296 

264 

237 

216 

'97 
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Temperatures to which Ammonia Gas is raised i;v 
C ofrPRESSiON. — {Conthiucd.) 


Tempf-r.-ituro 
ol SiAtion. 

ALsol'it^* 

Cun- 

doilSIllJJ 

Preijure. 

•aijsoluj'E suction pressure. 

• 

20 

25 

• 30 

35 

40 

45 

30“ Falir. 

QO 

242 

206 

177 

*54 

*34 

1/8 


100 

260 

223 

' »93 

170 

I 5 « 

* *33 


1 10 

277 

239 

208 

184 

164 

*47 


120 

292 

2S5 

223 

198 

*77 

*59 


130 

307 

267 

236 

^ir 

190 

171 


140 

321 

280 

248 

223 

201 

J«3 


150* 

334 

292 

260 

234 

212 

*93 


160 

340 

3«4 

271 

245 

223 

203 

32“I'ahr. 

90 

245 

209 

*79 

*57 

*37 

121 


100 

203 

225 

196 

*73 

*53 

*35 


110 

280 

241 

211 

187 

J67 

*49 


120 

295 

256 

226 

201 

180 

162 


130 

310 

270 

239 

213 

192 

*74 


140 

324 

283 

25 »* 

226 

204 

*«5 


ISO 

337, 

ms 

2t>3 

237 

2*5 

196 


160 

350 

307 

274 

248 

226 

206 

35“ Fahr. 

90 

249 

213 

182 

160 

*4* 

124 


100 

268 

229 

200 

176 

*56 

*39 


no 

286 

246 

2*5 

I9I 

170 

*53 


120 

300 

260 

230 

205 

184 

166 


130 

31!; 

274 

243 

217 

196 

•178 


140 

329 

28& 


230 

208 

I8cf * 


150 

341 

300 

268 

241 

219 

200 


160 

354 

312 

279 

252 

230 

• 210 


The Analyser. 

The analyser is placed in upper part of still or generator 
of absorption raa*chine, ancf serves as a dehydrator, also 
increasing temperature of rich liquor from 150° to 170°, at 
•which it ^ives, to^lJout 200° ^ • 

The device jconsists essentially of superimposed shelves 
down which the rich .ammonia liquor is delwered and ,over 
which it trickle, whilst the heated* vapour from generator 
passes* over th^ in ati upwarc^ direction.. In this manner 
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the hot vapour is caused to come in contact with a large 
surface of the rich ^mmonia liquor, and becomes both 
enriched in ammonia and depiived of a large percentage 
cf water by the time it reaches the top of the analyser. 


Properties of Saturated Ammonia Qas.'—{Y aryan.) 


Ti‘mpi*i a- 

IVrssurefroni 
vai'uuin in 
ILs. per sq.m. 

Heat of 
vaiinmation. 

Volume of 
vapour per 
lb. cubk ft. 

Volume of 
liquid per lb. 
cubic ft. 

Gauf^e 
pri ssui e 
per sq. iu. 

-.jO 

1069 

579*67 

24*38 

0-0234 

0- 


12-31 

576-69 

21-21 

0-0236 

0- 

-30 

14*13 

573*69 

18-67 

0*0237 

0- 

-25 

16-17 

57008 

16-42 J 

0-0238 

1*47 

— 20 

18*45 

567*67 

14*48 

0 -0240 

3*75 

“‘5 

20-99 

564*64 

12-81 

0-0242 

6-29 

~IO 

23*77 

561-61 

1 1 -30 

0 -0243 

9-07 

~ 5 

27*57 

'S5»-56 

9*89 

0 -0244 

12-87 

0 

3037 

555*5 

Q-14 

0 -0246 

15-67 

+ 5 

34*17 

552*43 

8 04 

0*0247 

19-47 

+ 10 

38*55 

‘ 549*35 

7-20 

0-0249 

23*85 

+ 15 

42*93 

546-26 

6-46 

0 -0250 

28-23 

4 20 

47*95 

543*15 ’ 

•5-82 

0-0252 

33 25 

+ 2S 

53*43 

54003 

5*24 

0-0253 

38*73 

+ 30 

59*41 

536*92 

4*73 

0*0254 

44*71 

+ 35 

65*93 

533*78 

4-28 

0-0256 

51*23 

+ 40 

73*00 

530*63 

3*88 

0-0257 

58*30 

+ 45 

80-66 

527*47 

3*53 

0-0260 

65*96 

+ 50 

88-96 

524*30 

3*21 

0-02601 

74-26 

+ 55 

97*63 

521-12' 

2*93 

0-02603 

82-93 

+ 60 

107-60 

517*93 

2-67 

0-0265 

92-90 

+ 65 

118-03 

515*33 1 

2*45 

0-0266 

103*33 

+ 70 

129-21 

511*52 

2-24 

0-0268 

114*51 

+ 75 

141-25 

508-29 

2-05 

0-0270 

126-55 

+ 80 

154*11 

50466 

1-89 

0-0272 

139*41 

+ 85 

167-86 

501-81 

1*74 

0-0273 

153*16 

yqo 

182-8 

498-11 

1-61 

0-274 

168-10 

+ 95 

198*37 

495*29 

1-48 

, 0-277 

183*67 

4 lUO 

215*14 

49**50 

1*36 

0-279 

200-44 
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MMONiA Gas at Various Pressures and Tempefatures. 
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TEMPERAl URE IN DEGREES, FAHRENHEIT. 
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REFRIGERATION AND < ICE- MAKING. 


Volume of Ammonia Gas at High Temperatures. 
— (Redwood.) 



Saiura4£d Vapour of Anhydrous Ammonia (NH3). 

{DicUrici and Volsa, Vapour Compression Refrigerating Machines^' by y. JVemyss Anderson, M.Eng. 
“ Proceedings, Inst. J/ecA. Engrs., 1914.”) 
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'Saturated Vapour of Carbonic Anhydride (COg). 
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Saturated Vapour of Sulphurous Anhydride (SO3). 

- {CailUtct and Mathias. ** Vapiir Compressitnt Refrigerating Machines,^' by J. Wemyss Anderson, Jl/.Eng.y 

Rroeeedinos, Inst. Meek. Engrs., 1914.”) 
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Sulphurous Anhydride, SOj. 

^ Regnault established the relationship between the tem- 
l)eraturc and pressure, and furnished the data for p and t 
given in the table. 'I'lie values of z/^and s have been given 
by the experiments of Cailletet and ^Mathias, and those of 
c by Afathias. The value of c enables s to be calculated, 
while the values of v and s enable L to be determined. 

Knowing S and L, H, and can be found, and in 
this way the figures given in the following table have been 
obtained. 


PruPEK'IILs (U M).- 


Critical tenjper.aliuc 
Critical pressure . . 
Specific volume of liquid 
Specific heat of liquid . . 

Kp . . 



7 


3i2‘8°d-\ihr. 
ii 59’6 lbs. per sq. iu. 
0-0112 cubic foot (mean). 
0-40 (mean). 

0-154. 

0-123. 


rRoPERiif.s or NHj. 


Critical tcmpciatuic 
Critical pi ossurc .. 
Specific volume of liijuul 

c :c .. 1 — . _r j 



7 


206-0' I'ahr. 

1624*0 lbs. per sq. in. 
0-0256 cubic foot (mean). 
1 ' 02 . 

0-50S. 


0- 393- 

1- 29. 


TroPERTIKS 01*’ COa* 

Critical temperature .. .. 88*43” Fahr. 

Critical pressure .. .. .. 1071 lbs, per sq. in. 

Specific heat of liquid .. , 0*98 (n^ean). 

* .. .. 0-217. 

K* 0171 . 

.7 •• r 26 . 

Q''. JVemyiS Afiderson^ ** Proc. Inst', M.E.j 19«I2.*') 



Wood's Table of Saturated Ammonia. 
{Rt-calculaUd by George Davidson ^ M.E.) 
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[Continued. 
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Wood’s Tacle of Saturated Ammonia.- — {ContinuedS) 
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Wood’s Table of Saturated Ammonia. — {Continued.) 
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Useful Sfficiency of Ammonia. 

[Denton and Schroder.)' 


NoT 

of 

Tomin'r.'xtiirp in 
Dc^rfC! F.ilir. , 
C’oi respond itifr to 
Pressure of Vapour. 

See Meltinp Capacity per Pound of Coal, 
assuming; 'I Pounds per iduur per 

IJorie-powcr. 

lost. 

Con- 

(lenscr. 

.Su( tion. 

Thcorolir.il 
Frirtion • 

. included. 

Actual. 

Per Cent. Loss 
due to CjlindiT 
Super-heating’. 

I 

72-3 

26*6 

504 

40 6 

19-4 

2 

70'5 

14*3 

37 

30-0 

20-2 

3 

(.)() 2 

0 5 

29-4 

;220 

25-2 

4 

0«-5 

1 1-8 

22 8 

If)‘I 

294 


84*2 

15-0 

27 4 

24*2 

II7 

2 t) 

82-7 

- 3-2 

2 rf) 

' 7-5 

I ()-0 

25 

84 -() 

- 10-8 

i8'8 

14-5 

229 


* Fiicuon taken at figure^ obscivcd m the tests, which range from 
per cent, to 20 per cent, of the work of the steam cylinder. 


Liquid Receiver. 

This is a vessel placed 'between the condenser and the 
expansion valve to receive and store the liquefied ammonia. 
The dimensions of the liquid receiver should be sufficient 
to hold about J gallon for each ton of refrigerating capacity 
in 24 hours. The liquid receiver also serves as an additional 
oil trap. If, as is sometimes the case, the liquid receiver 
hs intended to act as a storage vessel for all the charge of 
liquefiable ammonia in the ‘plant in case of repairs, etc., 
it should be provided with valves, which should not be 
closed when the receiver is over twd-thirds full Preferably 
the receiver should be made large endugh to cohtain twice 
the charge of ammonia to^avoid explosions. The receiver 

is provided with oil and liquid gauges. 




Table showing Efficiency of Ammonia Compression Plant under different conditions^ 




pROPERTfES OF Saturated Carbonic A-cid Gas. 
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Saturated Sulphur Dioxide Gas. 

{Ledoiix.) 
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Useful l^FFicfENCv of Sulphur Dioxide. 

{Sc/irofler.) , 



I'erauei atur 

' in 1 >ei-rees 

Ice Melti/.,^ 

( apac itv pe 

• pound ot 


F.ilir corresponding to 

Coal, assuming Three Pounds pel Hour ; 


Pressure oi \ ap6ur. 

pel 

ilorsc p<)W(*». , 







of 
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Condenser 

Sui tion 

Jlicoietical 
Friction * 
ini liidid 

Af tnal. 

iTr Cent, 
Loss due to 
C\linder 
Siiper-lie.iting 

1 1 ! 


285 

•4' i 

33- 1 

nro 

12 

70-2 

^ M-4 , 

Jl-2 

24J 

22 8 

>> 

rva 

~2'S , 

23-0 ; 

. U\s 

23-9 

M 

So-6 

-'59 1 

i() (> 

' to I 1 

39 2 


* El iction taken at fi^nircs ohscivctl iii the tests which ral\^'e fiom 
14 per tent, to 20 per cent, of the woik of the ste.nii cyhntler. 



Fig. Ji.—Diagram Efficiency Carves of a Perfect Refrigerating Machine at 

V.-vriovis I.imits of Teinj>erilure.~(JI/Kmy', /«j/. q/ En"rs> and Shipbuildtrs^ 
Scotland, 1897.) 


Table showing Properties of Saturated Vapour of Ether. 

(Professor Siehel^ “ Compend of Mechanical Refrigeration'') 
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REFRIGERATION AND ICE-MAKING. 


The following particulars regaiding an ether luachinc 
are given* by Mr. Ligbtfoot as being the result of actual 
experiments made in this country, and serving to show what 
.may be 'expected under ordinary conditions : — 


Production of icc per twenty-four hours^ . , 15 tons. 

,, ,, per hour 1,400 lbs. 

Heat abstracted in ica-making, per hour . . 245,000 units ** ^ 

Indicated liorsc-power in steam cylinder, ‘ 

excluding that required for circulating the 
cooling water and for working cranes, etc. S3 I. II. P. 

Indicated horse-power in ether {lump .. 46J I.II.P. 

Theririal equivalent of work in etlier pump, 
per hour .. .. .. .. .. 119,261 units** 

Ratio of work in jmn.p to woik in icc-maknig i to 2 '05 

Temperature of water entering condenser 52° Fahr. 

Mr. Frederick Colyer, C.E., M.I.C.K, stalest that he 


obtained the following results with a ffrst-class apparatus 
when testing the working of some of the leading ether 
machines, viz. : “ In an ether machine made by Messrs. 
Siebe, Gorman and Co., capable of cotding 3,200 gallons 
of water from 60° down to 50°, or abstracting 320,000 heat 
units** per hour, thf? average experiments gave 4,250 gal- 
lons per hour cooled to 10° Fahr. The temperature of the 
water at the inlet was 54°, and that of the water used for 
condensing purposes was the same. The maximum cooling 
effected was 449,437 heat units** abstracted per hour, 
being from 35 to 413 per cent, above the nominal power of 
the machine. 'I'he condensing water used per hour was 
i', 262 gallons, or about 3-icnhs of a gallon for every gallon 
of water cooled. The coal consumed was 3^ cwts. per 
hour; it was of indifferent quality, or the consumption 
would have been smaller. The steam cylinder was 21 in. 
diameter and 27 in. stroke; the air-pump 24 in. diameter 
and 27 in. stroke. The speed of the engine was 58 revo- 
lutions per minute, with 48 lbs. of steam cut off at one- 
third of the stroke. The indicated power of the engine 
was 53 horse-power, and of the air-pump 29*2 horse-power. 
The boiler was 7 ft. diameter and 24"fk long, and gave an 
ample supply of steam.” 

* (J' rrocee(]ings(»Tnstilution of 'Mechanical Engineers,” 1886, p. 214, 

** A thermal unit is tha\ amount of heat required' to raise the tem- 
pcratuic of I lb. of water I® by the Fahr. sc.ilc wheq at 39’4°. 

t “ I’rocecdings, Tn'-.titution of Mechanical Engineers,” 1SS6, p. 24S, 
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Efficiency of Ether Machines. 

• 

Output of 15 tons of ice in twenty four hours. Ab- 
straction of heat f)er hour, 245,000 B.T.U. Indicated* 
horse-power of engine, 83 ; of which 46 I.H.P. was used 
for the ether compressor, balance in pumping water, work- 
ing ^janes, friction, etc. Temperature of cooling water, 52°. 

Ice production, about 8-3 tons pf ice per ton of coal 
consumed. 


Pictet’s Liquid. 


Temperature 
Degrees Fahr. 

Pressure 
(Absolute) 
in Atmospheres. 

Temperature 
Degiecs FaVr^ 

Pressine 
(Absolute) 
in Atmospheres. 

— 22 

• 

077 

50 

2-55 

-13 

089 

50 

2-98 

-4 

0-98 

68 

3’40 

— 2-2 1 

1-00 

77 

3 V 2 

5 

i*i8 

SO 

4 '' 1 .S 

H 

I '34 

'<5 

.S '05 

23 

I’Oo 

104 • 

5-72 

32 

1*83 . 

. H 3 

0 30 

41 

2*20 

122 

6-86 


Formula for calculating the Amount of Air de- 
livered PER Hour by Cold-air Machines, ^wheTN 
the Revolutions and tiIe Size of the Compres- 
sors are known. 


{IlasJanHs Catalogue of Ice-making and Refrigerating Machtfmy^') 


Air discharged per hour = 


A X N X 2 R X S X 60 
1728 


X C 


Where A = area 0/ each compressor, in inches. 

N s= number of compressors! 

2R = strokes per minute (or twice the revolutions). 
601= minutes#per hour. 

S = stroke in indies. 

1728 = cubic inches in on^fooL 
.C = fadtor of efficiency which is taken as o’8 for 
§hort strokes, and 0*85 Yor long strokes. 
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COLD Sl'ORAGE. 

Cold storage may be defined as the preservation of perish- 
able ankles by keeping them in rooms or chambers 
maintained constantly at a low temperature by refrigeration ; 
and refrigeration may be defined as the maintenance of any 
place at a lower temperature than that of the atmosphere. 

A most important point in the construction of a cold 
store is the insulation, and it is almost superfluous to 
observe that the aim is to render this latter as perfect 
as possible, so as to afford as great a protection as is 
practicable against the escape of the cold air from the 
interior and the transmission of heat from the exterior. 

The refrigeration of cold stores may be carried out on 
the brire circulation system, the direct expansion system, 
and the air-blast system. In the first, refrigerated or 
pooled brine is circulated through cooling pipes, or their 
equivalent, arranged in the cold store ; and in the second 
the ^monia or refrigerating medium is allowed to expand 
direct in the above pipes. In the third, or air-blast 
system, air reduced to a low temperature by passing it 
over cooled pipes or surfaces, or by means of a cold-air 
machine, is admitted to the store. 

The dimensions of cold stpres vary, from that of a few 
cubic feet space, such Us those in private houses, hotels, 
butchers’ shops, etc, up to those of several millions of 
Cubic feet. In the c^e of a large store it is found most 
advantageous to "arrange for the delivery of goods to or 
from the store *to take place from the highest part of the 
building, as by this means greater obstacles are offered 
to the transmission of heat from the exterior to the interior 
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of the store, and also to the escape of the cold air there- 
from, which latter, owing to its b*eing, heavier than the sur- 
rounding atmosphere, and to its consequent tendency to 
sink to the lowest level, ‘will not escape from above, whilst* 
it does so readily from any open aperture at a lower level. 


Amount of Refrigeration required. 

The refrigeration required will be governed by the size 
of the store, the amount of and frequency with which the 
goods are brought into the store and removed from it, 
the temperature of the goods, and their specific heat, the 
mean external temperature, the greater or lesser perfection 
of the insulation, and various other matters, which randcr 
it totally impossible to lay down any hard-and-fast rules. 

A very usual practice is to provide i foot run of 2-inch 
pipe for every 7 cubic feet of space contained in the store, 
but sometimes the proportion used is as much as one 
to five, whilst again it is occasionally reduced to one to 
twelve. For refrigerating meat, in w'liich case it is not 
desirable to cool the extefior too rapidly before the interior 
has had time to cool to a certain extent, the best proportion 
to employ is one to ten. 


Amount of Refrigerating Pipes necessary Iok 
Chilling, Storage, and Freezing Cuamhkrr.^ 

Chilling-rooms or Chambers^ refrigerated on the direct 
expansion system, i ft. run of 2-in. piping for each 14 c. ft. 
of space ; on the brine-circulation system, i ft. run of 2 -in. 
piping for each 8 c. ft. of space. 

Freezing-rooms or Chambe^s^ refrigerated on the direct 
expansion system,* i ft, run of 2-in.* piping for each 8 c. ft. 
of space; on the brine-circulation system, i ft run for 
tach 3 c. ft of spac$. . * • • * 

Storage-rooms or Chambers^ refrigerated on* the direct 
expansion' system, i ft run of 2-in. ;piping for each 45 «. ft 
of space; on tbe brine-circulation system, i ft run of 2-in. 
piping for each»i5 c. ff. of space. 
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The following table gives the Extreme Limits of 
Cubic Feet of Space per running foot of 2-inch 
PIPING. — American Fractice. 


Breweries — Medium insulation. 

Chip and Stock Rooms i to 22 

Fermenting and Settling Rooms . . . . 1 „ 20 

Packing Rooms .. i 

Hop Rooms . . . . . . . . . . I „ 25 

Packing House. 

Chill Rooms for Beef t 

Hogs I ,, 10 

Freezing Rooms i 6 or 7 

Cold Storage. 

Cold Storage Rooms i ,, 2^ or 30 

Cold Storage House and Freezing Rooms. . i ,, S 

For Eggs, brine prefei red .. .. 1 „ 12 

Cold Storage .. .. i ,, 25 

Ice Storage i ,, 20 

Fish Freezing (Direct Expansion) .. .. i ,, 2 


The following five tables are given by Prof. Siebcl m the 
“ Compeud 0/ Mechanical Refrigeration.^' 


Lineal feet of t-inch piping rkouired per cubic foot 
OF Cold Storage Space. 


*■ Size of 
Buildinsf 
Cubic Feet, 
more or less. 

Insulation. 

lEMPl'.RA'I URE, DEGREES FAHR. 

0” 

10“. 

2o“. ’ 

30“. 


S0“ 

( 

too 

E.xcclleut. 

3.0 

178 

O’.'jS 

036 

0-2} 

0-15 


Poor. 

f)-0 

1-50 

0-90 

O -60 

0-48 

0-30 

1,000 

Excellent. 

ro 

0-26 

o-i 6 

012 

o-o 8 

0-05 


Poor. 

2 0 

0-50 

030 

0'22 

o-i 6 

O’lO 

10,000 

Excellent. 

O'OI 

O’ 16 

O'lO 

0-075 

0-055 

0-035 


Poor, 

1-2 

0’33 

0-20 

I’I 5 

O-Il 

0-07 

30,000 

Excellent, 

0-5 

0*13 

008 

0 'o 6 

0-040 

0-025 


Poor. 

i-o 

0*25 

O’ IS 

o-ii 

0-03 

0-05 

100,000 

Excellent. 

O’ 38 

o’ro 

0’06 

G- 04 S 

003 

0*009 


Poor. 

075 

0-20 

012 

0*09 

0-06 

o-oi8 


'to • 

Note. — The abo»e quantities of pipe refer to direct expansion, and 
sliould be made one and one-ha)f times to twice the length for brine 
circiflalion. To fiffd t^e corresponding lengtlis of i|-inch pipe, divide 
by 1*25 or multiply by o-8 ; of 2-iuch pipe divide by i-o8, or piultiply 
by 0*55. 
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Number of cubic feict covered bv one foot of i-inch 
Iron PirE. 



r 

0 

c 

lEi\lPER\TUKE, 

’ 1 

DEGREE^; FATIR. ; 

0“ 

10". 


'O" 


‘.o"' 

100 

I*,\(.eMent. 

0-3 

J -3 

2- 1 

2-8 

4-2 

7 


f’ooi. 

0 15 

0 7 

II 

i-s 

2 I 

3 3 

1,000 

Excellent, 

10 

4-0 

6 0 

84 

12-1 

20-0 

1 

Pool. 

0*3 

2 0* 

3-2 

US 

b 2 

10*0 

lO 00 > 

Excellent. 

1-7 

b-O 

10 0 

>3 f> 

1 S 0 

28*0 


Poor. 

o-f'3 

3 

r, 0 

b S 

') 0 


30,00.') 

ExccllcM'it. 

2-0 

S 0 

I ]-o 

, 18 0 

230 

pi-O ' 


Poor. 

10 1 

•1 

7 0 

O'O 

13 0 

2..>-0 i 

1 00 , OCX) 

ENCt:lk»nt 

2 '() 

10 0 

17-0 

22-0 

330 

* 110-0 j 


]V>or. 

1-3 

50 

« S 

1 I -o 

] 7 0 

55 0 1 


— The ahove fij^iircs refei to diiect expansion, fioni oiic-half to 
two-lliirds of the <^pacusoiily would be covcied by the --auH.' amount (-f 
})ipe in case of brine circuhilion. To find the coue^pmdin ; amount', 
of cubic feet of sjvace winch would be covered by one lineal foot of 
ij-in. pipe, multiply by 1*25 or divide by <> H ; of 2-in. pijic, multiply 
liy ro8 or divide by 0’55* * * 


Number of cubic feet covered by i-ton Refs^igerai- 
iNG Capacity for 24 iiours."^ 


Size of 
Building tn 
Cubic Feet, 
more or less. 

Insulation. 

TEMPERA 1 UR 1 

DEGREES FAUR. 

• 

0®. 

10®. 

-1 


40®. 

50“. 

100 

Excellent. 

150 

600 

800 

1000 

1600 

3000 


Poor. 

70 

300 

400 

(lOO 

900 

20QO 

1,000 

Excellent. 

500 

2500 

zopo 

4000 

6000 

12000 


Poor, 

250 

ISOO 

1800 

2500 

5000 

loocxr 

10,000 

Excellent. 

fOO 

3000 

4000 

Cooo 

9000 

18000 


Poor. 

300 

1800 

2500 1 

3500^ 

. 70W 

14^)00 

30,000 

Excellent. 

' 1000 

Sooo 

6000 

.'•’poo 

1 3^00 

2SOOO 


, Poor. 

500 

3000 

3500 

5000 

I IDOO 

200f)0 

100,000 

Excellent. 

iSoo 

7500 

9000 

I/JOO# 

20000 

40000 


Pdbr. 

9 

800 

• 

4500 

500& , 

8000 j 

16000 

35000 


* Allowing an amjjle margin of refrigerating po^ er for opening of 
doors, etc, * • 
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Rough Estimate of Refrigeratjon in Breweries. 

A ready method lof obtaining a rough estimate in tons ot 
the amount of refrigeration required in a brewery is to 
divide the capacity of^the brewery in barrels by 4. 


Refrigerating Capacity in B.T.U. Required per 
Cumc Foot of Storage Room in Twenty- four 
Hours. 


.2 afS 

0 

n 

.2 

TEMPERATURE, 

DEGREES FA UR. 









N't! 2 " 








W'S'a 0 

WO S 

C * 

cP. 

jo''. 

20" . 


40". 

•50" 

100 

1 ’ X( ellciit. 

], 8 c>o 

480 

360 

284 

180 

95 

Poor. 

^1,000 

960 

480 

470 

330 

140 

1,000 

Excellent. 

550 

1 10 

05 

70 

47 

24 

Poor. 

1,100 

up 

i (>5 

110 

55 

2 S 

10,000 

Excellent. 

400 

95 

V* 

47 

30 

lb 

Poor. 

900 

160 

110 

81 

40 

20 

30,000 

Excellent. 

i 8 o 

' 55 

47 

35 

22 

II 

Poor. 

550 


81 

55 

26 

14 

100,000 

Excellent. 

Poor. 

190 

350 

.38 

63 

30 

55 , 

20 

35 

H 

! 

7 

4 


Approximate amount or Refrigeration required for 
Cold Store Carrying Mixed Produce. — {Ruddick). 


Space 10,000 cubic feet, Refrigeration required 
„ 30,000 

„ 50,000 

„ 75,000 ^ „ 

,, 100,000 ,, ,, t, 


10 tons per day. 
20 ,, ,, 

30 M 

40 .. >. 

50 


Variation in Capacity, etc., of a Refrigeratinj^ 
Machine. 

The following diagram (Fig.* 2 2) and tal)Ie (on page 81) 





8o 


REFRIGERATION AND. ICE-MAKING. 


showing the variation in capacity, etc., of a refrigerating 
machine, and tlic ecionomy of direct expansion, is drawn 
up by the De La Vergne Company : — 



In the above diagram the line marked “capacity of 
machine” shows the diminished capacity as the hack pres- 
sure is reduced. If the machine has a capacity of ten tons 
at a return pressure of 28 pounds, as sliown by vertical 
height of the curve, it has a capacity of five tons only with 
a return pressure of six, pounds. Under the same circum- 
stances the cost of fuel per ton is increased in the ratio 
of the vertical lieights to the curve marked “ cost of fuel ” 
namely, from 14*5 to 25. In other words, the cost per ton 
is nearly doubled while the capacity is halved The work, 
as seen by the curve. marked “work required,” diminishes 
very slowly. 


COLD STORAGE. b'l 

This shows very plainly the eccyiomy of direct expansion. 
The ammonia in the coils of the brint tank must be cooled 
below the brine or the directly expanded ammonia. If the, 
difference be io°, say 5* instead of 15° then the capacity 
of the machine is reduced in the ratio of 10 to 8, or 20 per 
cent., and the cost for fuel increased in the ratio of from 
i4‘5to 17*5, or 20 per cent. * 

'inese arc physical fiicls which ca»not be explained away, 
and the economy of direct expansion in practice over both 
brine and air circulation is usually greater than the diagram 
and table illustrates. 


Cubic feet of Ammonia Gas per Minute to produce 
ONF TON OF Refrigeration per Uav. 


( ONDKNSEK. 


p 

0 

*15 

127 

‘39 

.53 

168 

oc 

200 

218 

t 65^ 

70 ^^ 

75 ** 

80" 

3 . 

•90” 

95 ’ 

100“ 

105“ 

4 

-20^ 5-84 

5*9 

596 

603 

609 

6*i6 

623 

6-30 

6*43 

6 

-15° 5*35 

5*4 

5*46 

5-52 

5-58 

5-^>4 

570 

577 

5-^3 

9 

— 10° 4*66 

473 

4-76 

4-81 

4*86 

4 ' 9 ‘ 

4’97 


5-08 

n 

“ 5 ° 4-09 

4'12 

4*17 

4-21 

4-25 

4'30 

475 

4-40 

►4*44" 

16 

0^ 359 

3-63 

3-66 

3 70' 

374 

378 

3*83 

3-87 

3 ' 9 ‘ 

20 

5° 3*20 

3-24 

3-27 

3-30 

3-34 

3-38 

3 ‘ 4 i 

3-45 

3;49 

24 

10“ 2-87 

29 

2-93 

2-96 

2 99 

3-02 

306 

3*09 

3*12 

28 

15" 259 

2-6i 

2-6c; 

2-68 

2-71 

273 

276 

2-8o 

2-82 

33 

2 <f 2*31 

2-34 

2-36 

2-38 

2-41 

2-44 

2-46 

2*49 

2-51 

39 

2-o6 

2 -08 

210 

2*12 

215 

2-17 

2’20 

2*22 

2-24 

45 

30° 1-85 

1-87 

1-89 

IQI 

1-93 

1-95 

1-97 

2-00 

201* 

SI 

35" 170 

1*72 

174 

1*76 

i- 7 f 

I 79 

l'8i 

1-83 

1*85 


Deter’minaxion'of Moisture i^r Artt. — {Skbel,) 

The moisture in the atmosphere mgiy be determined by 
a wet-bujb thermometer,, which is an ordinary thermometer, 
the bulb of whi2h is covered ^ith musliir kept wet, and 

G 
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which is exposed to the air, the moisture of which is to 
be ascertained. Owing to the evaporation of the water 
'm the .muslin, the thermometer will shortly acquire a 
stationary temperature, which is always lower than that of 
the surrounding air (except when |the latter is actually 
saturated with moisture). If / is the temperature of the 
atmosphere, and tlie temperature of the wet-bulb ther- 
mometer in degrees Celsius, the tension of the aqueous 
vapour in the atmosphere, is found by the formula — 

e - ^ o'ooo77(/— /j)^ 

being the maximum tension of aqueous vapour for the 
temperature as found in table, and h the barometric 
length in miliimetfers. {See table, p. 83.) 

If is the maximum tension of aqueous vapour for the 
temperature /, the degree of saturation, H, is expressed 
by- 

H=1 

e<i 

and the dew point is also readily found in the same table, 
it being the temperature corresponding to the tension e. 


PSVCHROMETERS. 

Instead of the wet-bulb thermometer alone, it is more 
convenient to use two exact thermometers combined (one 
with a wet bulb and the other with a dry bulb, to give 
the temperature of the air), to determine the hygrometric 
condition of the atmosphere, or of the air in a room. 
Instruments on this principle can be readily bought, and 
are called psychrometers. If they are arranged with a 
handle, so that they can be whirled around, they are called 
“sling psychrometers.” These permit a quicker correct 
reading of the wet-bulb thermometer than the plain psychro- 
meter, in wihich the thermometers are stationary and are 
impracticable at a temperature belowv32° Fahr., while the 
sling instrument can be read down to 27° Fahr. 
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The hygrometer of Professor Marvin is a sling psychro* 
meter of improved construction. 

..VGROMETERS. 

While the term “hygrometer” appHes to all instruments 
calculated to ascertain the amount of moisture in the air, 
it is specifically used to designate instruments on which 
the degree of humidity can be read off directly on a scale 
without calculation and table. Their operation is based 
on the change of the length of a hair, or similar hygroscopic 
substance under different conditions of humidity. 

Table giving weights of aqueous vapour held in sus- 
pension by loo lbs. of pure dry air when saturated, at 
difieient tcmj)eratures, and under the ordinary atmospheric 
presstire of 29*9 in. of mercury .— atid Lightfoot) 


Temper- 

ature. 

Wcigbt of 

YdpOUt. 

, 7 enipcr- 
1 ature. 

WeiRbt of 
vapour. 

Falir. 

de^rs. 

lbs. 

Eahr 

lbs. 

— 20 

' 0 0350 

102 

4*547 

— 10 

0 

0*0574 

00918 

II? 

122 

<>'253 

8-584 

+ JO 

0-1418 

i «32 

II- 77 I 

20 

0-2265 

! 142 

16-170 

32 

0-379 

1 152 

22-405 

42 

0561 

j 162, 

31*713 

52 

0- 819 

1- 179' 

172 

46 - 33 » 

62 

i 182 

71-300 

72 

i-68o 

! 192 

122-643 

89 

2-361 

1 202 

280-230 

92 

3-289 

j 212 

Infinite 


N.B. — The weight in lbs. of the vapour mixed with 
100 lbs. of pure air at any given temperature and pressure 
is given by the formula — 

62 * 3 ^ 29-9 

29*9— E p ** 

Where E = elastic force of the vapotir at the given tem- 
, perature, in inches of mercyry (to be taken 
from Tables). 

p = absolute pressure in inches of mercury. 

5= 29*9 for ordinary atmospheric pressure. 
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Correct Relative Humid^y prjR a given Tempera- 
ture IN ^Kgg Rooms. — {Madison Cooper.) 


TEMPERATliRE IN 
DEGREES FAHR. 

RELATIVE HUMIDITY 
PER CENT. 

* 

28 

80 

29 

78 

30 

76 

31 

74 

32 

71 

33 

69 

34 

67 

35 

f'S 

3 & 

62 

37 

60 

38 

5 ? 

39 

56 

40 

53 


Specific Heat anj) CpMrosiTioN of Victuals. 



Water. 

SoHda. 

• 

Spet'ilii- 
Ilrat above 
Viec-zinjj 
Calc. 

Spenbe. 
Heat below 
E ree/ing 
Calc. 

Latent 
• Heat of 
Free^injf 
Calw -o' 

• ^ 

Lean beef . . 

72-00 

’ y 

28-00 

0-77 

0-41 

102 

Fat beef 

51-00 

49-00 

0-60 

0-34 

' 72 

Veal 

63 -00 

37 00 

0-70 

0-39 

90 

Fat pork . . 

39-00 

61-00 

0-51 

0-30 

55 

Eggs 

70-00 

30-00 

0-76 

0*40 

100 

Potatoes 

74-00 

2600 

o-8o 

0-42 

105 

Cabbages , . 

gi-00 

9-00 

0-93 

0-48 

129 

Carrots 

8^-00 

i7-po 

0-87 

0-45 

1 18' 

Cream 

59-25 

30-75 

•0-68 

0-38 

84 

Milk 

87-50. 

12-50 

0-90 

0-47 

124 

Oysters 

80-38 

19-62 

0 84 


11^ . 

White fish . , 

78-^ 

22-00 

0;82 . 

6-43 • 

Ill 

Eels 

62-07 

37-93 

0-69 

038* 

88 

Lobsters • . . 

76-62 

23 ' 38 « 

0-81 

,0-42 

iq8 

Pigeons . , , 

72-40 

27-O0 

Or78 

0-41 


Poultry 

73-70. i 

26-30^ 

1 

o-8o 

0 42 






Temperatures Adapted* for the Cold Storage of Various Articles, 
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Cheesrf .. 

Cherries .. 

Chestnois 

Chocolate (to cool) 

Cider 

Cigars 

Clarets ,, 

Corr. Meal 

Com (dried) 

Cranberries 

Cream . 

^Cttcumbers 
’Currants .. 

Dates ^ 

Eges 

Fertis a.. 

Figs 

Fish (f*csh) 

Fish (freSli water, frozen) 
Fish (salt ^\ater, frozen) 
Fish (canned) 

Fish (drirtl) 

• 
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>1 

Fish‘d (to freeze) , 
Flour, &c. 

Fruits .. • 

Fruits (dried) 
Fruits (canned) .* 
Furs (undressed) 

, Furs (dressed) . 
Game (frozen) . 
Game (to freeze) 
Game (long stora 
Grapes 

Ginger ale * 
Hams 

Hogs 

Hops 

H!)ps (frozen) 
Honey 

Lard' 

Lemons . . 

Liver 

Maple syrup suga 
Margarine 
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Mean Temperatures , of Principal Cities of the 
W ORLD. — ( Continued , ) < 


CITIES. 

Spniif-. 

Slimmer. 

Autumn. 

Winter. 

Annual. 

SPAIN& J V)RI UGAl! 


De,y!. 

iLfrs. 

Deps. 

Deps. 

Fahr. 

T .liir. 

Fahr. 

l-’ahr. 

Fanr. 

R.iicc lon.i 

. — 



— 

— 

63-0 

Madrid 

57-h 

74-1 

567 

42* I 

57*6 

Lisbon 

599 

7I-I 

62-5 

52-3 

01*4 

Switzerland. 






Bt'inc 

45-8 

6 o *4 

47*3 

30*4 

46*0 

Geneva 

— 

— 



52*7 

Holland, 






Amsterdatn . . 

— 

— 

> — 

— 

49*9 

Rotterdam . . 

— • 



— 

51*0 

Belgium. 






Brussels 

~ 

— 

— 


50*7 

Norway & Swi* den. 






Christiania 

39-2 

59*5 

42-4 

25-2 

417 

Stockholm 

3«-3 , 

6i;o 

43’8 

25*4 

42-1 

Denmark. 






Copenhagen •• 

43-7 

63*0 

48*5 

31*5 

46-8 

Rus.sta. 






* , Moscow 

433 

62’‘6 

34*9 

13 s 

38*5 

Nicolaief 

49*5 

72-2 

500 

25-9 

487 

St. Petersburg.. 

35-1 

603 

405 

l6b 

38-3 

' , Warsaw 

44*6 

<>3'5 1 

40-4 

27-5 

45*5 

Turkey. 






Bucharest 

— 

— 

— 

— 

46*4 

Constantinople. 

51-8 

73*4 

6o*4 

40*6 

56*7 

• PALE.STINE. 






Jerusalem • , 

•6o-6 

‘ 72-6 

60-3 

496 

62-3 

Egypt. 






‘ Cairo ' .s, . . 

«! " 

71-6 

84-6 

,74-3 

58-5 

72-3' 

Algkria. ^ 
Algieis 

. 63 0 j 

74’5 

70-5 i 

50'4 

64*6 

Tunis 

i 




68-8 
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Mean Tempeeatures of' Prtncti’Ae Cities of 'jiie 
\ WoRED.- [Coiilitiurif) 


North America. 
ITillimorc 
Boston 
Chicago 
Cincinnati 
Mexico 
Mqntrc.il 
New Orleans . . 
New York 
I'liiladclphia .. 
Quebec 

San Francisco. . 
St. Louis 
Washington . . 

South America. 
Buenos Aires . . 
Lima . . 

Quito . . 

Rio Janeiro . . 
Valparaiso 

I East Indies. 

I Bombay 

I Calcutta t • 

Madras 

West Indies. 

Havanna . • 
Kingstown 
Port of Spain . 

China. 

Canton 
Pekin .. 

Australasia. 
Melbourne 
Paramatta 
Sydney 

Canary I.slands. 
Funchal 

New Zealand. 
Auckland * . 


— 8i*3 

67-8 *78*4 

— 8 i '9 


— 79-1 

70-3 79-P 

8r-5 


- - 57-0 

60-6 73 9 * 64 8 5^5 

• m 

• « 

63*5 70 0 *^7*^ * 61 -3* 65*7 

• • • 

6o*x 66’7 *58*0 53'5 59 ^ 
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Mean Temperature by. Seasons and Extremes, for ihe Year, of Twenty Stations 
IN THE Argentine Republic. — {Degrees Fahrenheit.) {Continued.) 

{Especially compiled by the Argentine Meteorological Office.) 
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COLD storage: charges {Knglaml). 

> 

Cambria Cold Storage and he Co.y Ltd. 

MEAT. 



First ' 

24 Huuts. 

E.ich 

snrroeding 

24 hours. 

P<»r 

Week 

Beef, Quartcis, each 

.. I/- .. 

6d. 

.. 2/. 

Sheep and Lambs, each . . 

6d. 

3d. 

. I/O 

Bigs and Calves, each 

I/* 

0(1. 

. 2 /- 

Beasts’ Heads (with tongues), 

each ltd. juu we( 

L 01 auy jiait thereof. 


,, (without ,, j, ,, id. ,, 

vSheeps’ HeaiK and 1 ‘lucks j 
J leasts’ Livers .. .. J „ id. ,, 

Beasts’ Plucks, &c. . . ) 

Beasts’ Tails, per dok ^d. „ 

Pieces of Meat, in packages . . ^d. per lb. „ 
Minimum Charge, 3d. 


FISH, GAME, AND POULTRY. 

Fish (wet), small quantities qd. per cwt. per week or any part thereof. 

„ large quantities 6d. „ ,, ,, 

Kippers & Finnon, per box 2d. each and upwaids per week or any part 
thereof. 

Loose Fish 2d. each and upwards per week or any part 

thereof. 

Poultry and Game, , , . 1/- per cwt. per week or any part thereof. 

Frozen Poultry, in large 

quantities , , . .20/- per ton for 28 days „ 

Chickens, loose . . , . i Jd. per couple per week „ 

"Rccbbits, in hampers . .qd. per cwt. per week ,, 

Rabbits, loose . . . . id. per couple per week ,, 

Rabbits, Frozen, in cases, small quantities, 6d. per case per week or 
any part theieof. 

Rabbits, Frozen, large quantities, 17/6 per ton for 28 days or any part 
thereof. 

Pheasants, i|d. per brace ist week, id. per brace each succeeding week. 
Partridge and Grouse, id. per brace per week or any part thereof. 
Hares, Turkeys and Geese, 2d. each „ 

Minimum Charge, 3d. 


PROVISIONS. 

Butter, small quantities, 6d. per cwt. per week or any part thereof. 

„ 20J’ per ton for 28 days or any portion thereof* 

,, 2 to.is and upwards, 16/- „ „ ' „ 

Bacon „ i 4 /‘ *>» »» 

Cheese „ 12/6 „ ,, 

Kard „ „ iS/’ m 
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Conditions of Deposit and Regulations. 

The Conditiins of Deposit are as follows : — 

The Cambria Cold St(>rage and Ice Co., Ltd,, receive goodi' on the 
following conditions only : — 

1 . — No goods will be givc^^ up without the production of a ticket, 

which is delivered to the person when goods are bi ought to 
Stores, or satisfactory evidence of owneiship. 

2. — All consignments to the Stoies must be plainly marked with the 

owner’s name and address, and date. 

3. — All payments for storage must be made when the goods are 

delivered. 

4. — The Company will not be responsible for any loss or damage to 

goods stored by them, through maintaining too high or too low 
a temperature in the Stores, failure of niathinery, fire, or anv 
othei cause whatsoever ; but the Company will always, and at 
all times, use their utmost endeavours fo prevent any such 
damage, and will rendei all assistance m their jmwer to pidperly 
preserve and keejl goods entrusted to their care. 

5. — The Company reserve to theivsclvcs the light to refuse any goods 

that, in the opinion of the Manager, or his rcpicscntative, are 
unlit to stoic. 

0. — The Company wDl hold all goods stored by them subject to a 
general lien for all debis due by Depositors i/n account of 
Storage. , 

7. Stores open for receiving and delivering goods; — “ Week-d.iys, 
6 a.m. to 5 p.m. ; Saturday, 6 a.ni. to 5 p.m., and 10.30 p.iii. 
to 1 1.30 p.m.” 


COI.D STORAGE CHARGES {Vjiiied States). 


Substance. 

Temperature. 

Degrees. 

Month. 

For the 
ScasoD. 

Kemai^s. ^ 

Salt meat 

32 to 36 

2<;to 3'^ cents 


Per tierce. 

Dried beef 

32 to 36 

261025 ,, 

— 

I’er barrel. 

32 to 36 

35 M 


— 

Fresh meat . . 

38 

i 

— 

Per pound. 

,, 

38 

25 


J ’er quarter. 

Veal . . 

36 

25 » 


Per pound. 

Lamb 

. 3 ^ 


— 


Game . . 

32 to 36 


15 cents 


Venison and 

Below 2 p 


I’er lb. gross. 

• • 

poultry 

Ducks, grouse, 

Belo^ 20 


i 

• 

1 0 l> 

and qiKiil 

32 to 35 

-a 


Per dozen.* 

Qualls , , 

, Below 20 

— # 

'5 ^ 

,, 

Fish 

Storage Room 

25 to 30, 

1 to } M 

25 dollars 

1 and upwards 
—* 


Per 1,000 
cubic feet. 


H 
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Cold Storage Charges. — United States. {Continued.) 
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Rates for Freezing Ioultry, Game, /Fish, Meats, 
BurrER, Eggs, etc., Unitei^, States. 

'The rates for freezing goods, or for storing goods at a 
freezing temperature when they are already frozen, are as 
follows ; — 


Poultry, Game, etc., in Unbroken Packages. 

Poultry, including turkeys, fowl, chickens, geese, etc., 
and rabbits, squirrels, and ducks when ])icked. 

Four rates, A, B, C, and D, for storing poultry, and the 
rate to be charged will be determined by the amount of 
such goods as may be frozen and stored during a season 
of SIX months, usually from October er November ist to 
April or May ist. 

Rate A. — For customers storing fifty or more tons of 
poultry, the rate to be one-third cent per pound for the 
first month stored, and one-fourth cent per pound for each 
month or fraction of a month, including the first month, 
if stored for more than one month. 

Rate B.— For customers storing five or more, but less 
than fifty tons of poultry, the rate to be one-third cent per 
pouncj for the first month stored, and one-fourth cent per 
pound for each month or fraction of a month thereafter. 

' R/tTE C. — For customers storing one or more, but less 
' than five tons of poultiyq the rate to be three-eighths cent 
per pound for the first month stored, and one-fourth cent 
per pound for each month or fraction of a month there- 
after. 

Rate D. — For customers storing less than one ton of 
poultry, the rate to be one-half cent per pound for the first 
month stored, and three-eighths cent per pound for each 
month or fraction of a month thereafter. 

Venison, etc., and ducks when unpicked, one to one-half 
cent per pound per month, according to quality and length 
of time stored. - 

Grouse and partridges, three cents to five cents per pair 
per month. ' Woodcock, one cent to two cents per pair 
per month. 

Squabs and pigeons, four cents to six cents per dozen 
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per month. Quail, plover, snipe, etc., three cents to five 
cents per dozci^i per month. 

When a poriion of the goods is removed from a package, 
storage to be changed for the whole package as -it was' 
received, until the balance of the package is removed from 
the freezer. 

For goods received loose, when to, be taken out of the 
packages in which they arc received, or when to be laid 
out, the following rates to be charged : — 

Poultry, including turkeys, chickens, geese, etc., and 
rabbits and squirrels, one-halt cent to one-tourth cent per 
pound extra, according to quality and length of time 
stored. 

Grouse, partridges, woodcock, squalvs, pigeons, quail, 
jdover, and snipe, 50 per cent, more than the rat^es as 
above specified. 

Ducks weighing less thaa two pounds each, hvo cents to 
three cents each per month. Ducks weighing two pounds 
or more each, three cents to four cents each per month. 

For all kinds of poultry and birds not herein specified, 
the rate from one cent to one-half went per pound per 
month, according to quantity .and length of time stored. 

SuMMKR Freezing Rates. 

Freezing rates for the summer months, 50 per cent, more 
than the specified winter rates for the first month dieted,' 
and the same as the winter latesdor the second and succeed- 
ing months. 


Storing Unfrozen Pouliry, etc. 

For holding poultry, game, etc., which are not frozen, at 
a temperature which shall be about 30° Fahr., the rate to 
be one-fifth cent to two-fifthj centner pound according *to 
quantity, for any time not exceeding two weeks. 

Freezing Rates for Fish, anq Mea-^I 

Salmon,* blue fish, and othei^fresh fish in, packages, cyie- 
half cent per pound for the first* month stored, three- 
eighths cent per pound per month thereafter. 
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Fresh fish of all kinds when to be hung up ot laid out, 
three-fourths cent per p6und for the first /tnontli stored^ 
one-half cent per pound per month ther^aftCT. 

P'ish'in small quantities, 50 pfcr cent, more than the 
above rates. 

Special rates for large lots of large 'fish. 

Scallops, three-fourths cent per pound, gross, per month. 

Sweetbreads, and lan;ib fries, one cent per j)ound, gross, 
per month. 

Beef, mutton, lamb, pork, veal, tongues, etc., three- 
fourths cent to one-half cent jier })ound, net, for tlie first 
month stored, one-fourth cent to three-cigliths cent ptr 
pound per month thereafter. 

Butter Freezing Katies. 

For freezing and storing butter in a temperature of 20° 
Fahr. or lower, the rate to be charged will be determined 
by the amount of such goods that may be frozen and 
stored during the season of eight months from A])iil 1st 
to December ist, or from May ist to January ist. There 
will be three rates, A', B, and C. 

Rate A. — For customers storing thirty-five (35) or more 
tons of butter, the rate to be fifteen cents per 100 pounds, 
net, per month. 

Rate B. — For customers storing five or more, but less 
•than |hirty-five tons of butter, the rate to be eighteen cents 
p«r ido pounds, net, per month. 

Rate C. — For customers storing less than five tons of 
butter, the rate to be twenty-five cents per 100 pounds, 
net, per month. 


Egg Freezing Rates. 

For freezing broken eggs in cans, the charge to be one- 
half cent per pound, net wdight, per month, and for a 
season of eight months the rate to, be one and one-half 
cet>ts per poL'iid, net weight. 

Kent cf Rooms. 

For freezing temperatures, four cents to fi/e cents per 
cubic foot per month. 
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Terms f > h ' Payment of Colv Storage and 
Freezing Rates. 

All the above rates are to be charged for each montli, 
or fraction of a montlj, unless otherwise specified ; and in 
all cases fractions of months to be charged as full months. 

Charges to be computed in all cases when possible upon 
the marked weights and numbers of all goods at the time 
they are received. 

All storage bills are due and payable upon the delivery 
of a whole lot, or balance of a lot of goods, or every three 
months, when goods are stored more than three months. 

Unless si)ecial instructions regarding insurance accom- 
pany each lot of goods, they arc held at Owner’s risk. 

COLD STORAGE CHARGES (France). 

Public Abattoir^ CharnbSry, 

Rent of cold storage chamber 500 francs (^^’20) per 
annum. An ordinary cold storage chamber < ( ntains 17 or 
18 hooks, each capable of supporti?;g about 100 kilo- 
grammes (220*4 lbs.) of rpeat,.and 17 or 18 S-hooks, each 
capable of receiving 10 kilogrammes (22*04 lbs,), in small 
pieces. The weights of the meat suspended from the 
hooks and S-hooks are never to exceed the above. ^ In all 
cases where such weights are exceeded the butchers will be ^ 
held responsible for any damage and breakages whicMffay 
result 

Where a cold storage chamber is let to a number of 
persons, the rent to be per hook, at the rate of 40 francs 
(32 shillings) a year, that is to say, for the time during 
which the cold store is in operation. The S-hook situated 
above is included with each hook. 

Cold* Air. , 

Cold air may with .advantage be regenerated by being 
ozonized before use in the cold store. Ait >^iich has 
passed over certain products, notably many fruiti^ becomes 
charged with disagreeable and* noxious emanations which 
are destroyed^by the action of the o«:one, and at the same 
time the air is sterilized and the foriViation of the spores 
of mould peculiar to cold rooms is prevenfed. 
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ICE-MAKING AND STORING ICE. 

Tck-m\king. 

Artificial ice is eillicr what is known as clear, trans- 
j)arent, or crystal ice, or milky, oyiaqiic, or tombstone ice. 
The latter is generally used wheie appearance is of «o 
consequence, and cheapness is the main consideration, 
and it does not necessarily possess any unwholesome 
quaUties, but it has the objection of very considerably 
reduced keeping powers, and should be used immediately. 
The opacity of ice is mainly -due to rayiid freezing pre- 
venting the air contained in solution in the water from 
escaping. 

Clear or crystal ice can be made by using distilled or 
de-aerated water, or by agitation of the water during the 
freezing process. This latter has been carried out in a 
number of different ways, of which the most common and 
practical is the reciprocating movement of agitators or 
jiaddlts in the ice can or mould, or in the ice-box, accord- 
* in^ly as the can system or the stationary cell system is in 
yse^Many other devices have, however, been used, amongst 
which may be mentioned the imj)arting of a rotary motion 
to the freezer, rods or plungers moving up and down in 
cans, oscillating rods or agitators, forcing cold air through 
the freezing water, shaking cans or moulds, removing water 
and refilling it by pumping, water injection with pressure 
reduction, taking water from one point of one can and 
pumping it into another, rota|ing stirrer or agitator, freezing 
ice in very cold air, fteezing ice very slowly, freezing ice 
in very thin slabs. 

"'•A whi^e core in ice is due to the presence of corbonite of 
lime and* magndsia or other minerals in the water. A red 
cere in ice is c’ue to the separation of oxide of iron in ice 
which was maintained in solution in the water in the form 
of carbonate of iron, and the sediment usually comes from 
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the iron of the plant. Pure' distilled, carefully filtered water 
should be alorle used for making ice intended for domestic 
consumption. ‘'Th^ three most used types of ice-making^ 
apparatus are those working on the can system, the Station- ^ 
ary cell system, and the plate or wall system. 

In ice-making, where it is important to secure the maxi- 
mum production at the minimum cost, it is necessary to 
work both day and night so as to. render the operation a 
continuous one. Likewise such routine must be followed 
as will ensure the largest possible output and the best 
quality. With this purpose in view, great care must be 
exercised to maintain all the parts of the apparatus per- 
fectly clean, and in first-class working order. A regular 
aMd systematic plan of drawing the ice must be settled 
upon and strictly j^dhered to, and with this object a dis- 
tinctive number or letter shbuld be stanq^cd or painted 
upon each can or mould/ and so many drawn regularly 
per hour. 


Table giving Sizes and CAUAcrriEs of Tce-making 
Plan I S, i vrc. , 

(//. H, Kelley, ^\Tlie Engmce, New York) 


Tons *per 
24 Hours. 

Size of 
Engine. 

i -SASM 

Size of 
Coro- 
pressor. 

Size of 

1 ilocks 
of Ice. 

Gallons 
of Water 
per Hour. 

Tons of 
Coal. 

3 z 

2 ca 

15 tc 

W 

41 

0 P 

. a 

0 ^ 

I 

7 x 9 

90 

+5X 10 

8 X 8 X 28 

5 


1 



3 

8x 16 

80 

5 x 15 

8 X 13 X 2 <S 

15 

1 

2 

2 

2 

5 

lOx 20 

75 

Ox 18 

8x 15 X 28 

20 


2 

2. 

2 

10 

12 X 30 

70 

8x20 1 

1 1 X 22 X 2 <s 
I r X 1 1 X 28 

1 

2 

2 

2 

3 

10^ 

14x30 

<>5 

8x25! 

11 X 22 X 28 
1 1 X 1 1 X 28 

}35 

'yl 

*■2 

2 


3 

15 

14x30 

^5 

10 X 20 1 

11 X 22 X 28 
11x11x28 

[40 

3 

2 

2 

4 

20 

16 X 30 

55 ' 

lOX 30 1 

II*< 22 X 28 

1 1 X 1 1 X 2 ^^ 

]so 

4 

2 

2 

5 

30 

16 X 42 

52 

n X30 J 

11 X 22 X 28 
I I X U X 28 

1 fio 

5 . 

2 

2 

6 

40 

18 X 36 

5 ^ 

12 X 30 

11 X 11 X 28 

. 90 • 



2 

7 

45 

20 X^6 

50 

15 X 30 

II X 11 X 28 

94 

8“ 

2 

2 

8 

60 

24x36 
26 X 48* 

45 

i6x 36 

11 X fl X 28 

90 

•10 

2 

2 

• 9 

80 

45 

20 X 3O 

— - — — 

1 1 X 22 .X 28' 

’ 100 


2 

2 

10 


♦ 2,000 pounds. X cylinder. 
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Pure Water. 

* ♦ 

If properly rjistilled water, or ice made from such water, 
be evaporated slowly on a piece of platinum foil* over a 
spirit-lamp or a Bunsen gas-burner, there should be no 
residuum whatever, • 

In the manufacture of ice intended for domestic con- 
sumption, the use of pure water is a matter of paramount 
importance, consequently it is well to define what pure 
water is, and as very much the same requirements that are 
made by authorities with respect to potable water, also 
apply to ice, we will give some of the demands made in 
the former case. Pure water is soft, is transparent, has a 
certain amount of sparkle, is sufTiciently aerated, has no 
matter held in suspension that is visible, is completely 
tasteless, and is either entiroly colourless or has a slight 
bluish tint. The requirements of some authorities in the 
United States in this direction — ^great care being there 
exercised — are given by Prof. Siebcl as follows: “ i. Such 
water should be clear, temperature not rbove 15° C. 
2. It should contain some air. 3. Jt should contain in 
1,000,000 parts : Not more than 20 parts of organic matter. 
Not more than o*i part of albuminoid ammonias. Not 
more than 0*5 part of free ammonia. 4. It should contain 
no nitrates, no sulphuretted hydrogen, and only tsaces of 
iron, aluminium, and magnesium. Besides the mentioned 
substances, it should not contain anything that is pjwtfipit- 
able by sulphuretted ammonia. 5. It must not contra*ct 
any odour in closed vessels, 6. It must contain no sapro- 
phites and leptothrix, and no bacteria and infusoria in 
notable quantities, 7. Addition of sugar must cause no 
development of fungoid growth. 8. On gelatine it* must 
not generate any liquefying colonies of bacteria.” 

Simple Rules for ascertaining the Quality of So- 
called Mine^l Water. — {Frick Company.) 

Water, turning blue litmus paper red .btfo^ie boiling, 
which after boiling will not do so; 'and of the blue colour 
can be restored by warming,* then it is carbonated (pon- 
taining carbenic acid). 

If it has a sickening odour, giving a black precipitate 
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with acetate of lead, it is sulphurous (containing sulphuretted 
hydrogen). ' ' 

If it gives a blue precipitate with yellow dr red prussiate 
of potash by adding a few drops of hydrochloric or muriatic 
acid, it is chalybeate (carbonate of iron). 

If it restores blue colour to litmus paper after boiling, it 
is alkaline. 

If it has none of the above properties in a marked degree 
and leaves a large residue after boiling, it is a saline water 
(containing salts). 

Testing by Reagents. 

If water becomes turbid or opaque by using the following 
reagents, it is not pure : — 

With baryta water, indicating carbonic acid. 

With chloride of i)arium, indicates sulphate. 

With nitrate of silver, indicates chloride. 

With oxalate of ammonia, indicates lime salts. 

With sulphide of hydrogen, slightly acid, indicates presence 
of antimony, arsenic, tin, copper, gold, platinum, mercury, 
silver, lead, bismuth, and cadmium. 

With sulphide of ammonia, alkaloid by ammonia, indi- 
cates nickel, cobalt, manganese, 'iron, zinc, alumina, and 
chromium. 

With chloride of mercury or gold and sulphate of zinc, 
indicates organic matter. 

Freezing Tank or Box. 

These are constructed of sheet iron and steel, and also 
of wpod and cement. The amount of pipe required is 
about 250 feet of 2-inch pipe, or 350 feet of i^inch pipe, 
or their equivalent per ton of ice per twenty-four hours, in 
accordance with the temperature of the brine and the 
capacity of the machine. Less pipe than the above, says 
Prof. Siebel, is employed in the United States, even as 
low as 150 feet of 2-inch pipe, and 200 feet of iLinch pipe 
per ton of ice-making capacity (in twenty-four hours), but 
in' ihat ca^e tW back pressure must be carried excessively 
low, whiclr duly increases the consumption of coal and the 
wear and tear cf the machinery. 

The brine in the freezing tank may be cooied on either 
the brine circulation or the direct expansion system. 



ICE-MAKING AND STORING ICE. Ill 

The size apd length of pipe in the brine tank, it is 
recommended by the above-mentioAed authority, should 
be arranged W siv^h a manner that each row of moulds 
or cans is passed by an ammonia pipe on each side, 
preferably on the wi(Jc side of the mould or can. The 
series of pipes in the ice tank or box are connected by 
a manifold, the liquid ammonia entering the manifold at 
the lower extremity, and the vapour leaving by the suction 
manilold placed at the higher extremity of the refrigerating 
coils. 

When working with the wet vapour of ammonia, the liquid 
must be admitted at the upper extremity of the refrigerating 
coils, and be drawn off to the compressor at their lower 
extremity. 

Brine for Use Tn Refriskkating and Ice-makino 

Pi^ANTS. 

A brine suitable for the above purpose can be made 
with from 3 to 5 lbs. of chloride of calcium, or muriate of 
lime, in accordance with its degree of purity, dissolved in 
each gallon of water. The density of this solution is about 
23° Beaumd, its weight ajbout 13^ lbs. per gallon, and the 
freezing-point is —9° Fahr. As the above standard of 
density must be kept up, in order to prevent the brine 
from becoming congealed in the refrigerator, or the ice- 
making tanks or boxes, it is desirable to test it periodically, 
with a salinometer. ^ \ 

In the best American practice first quality medium 
ground salt, preferably in bags for convenience of handling, 
is employed, the proportions being about 3 lbs. o*f salt 
to each gallon of water. The brine is made in a brine 
mixer, consisting of a water-tight box or tank about 
4 ft, X 8 ft. X 2 ft., having a suitably perforated false 
bottom, and a small compartment, partitioned off at one 
extremity, communicating with the main compartment 
through an overflow* situated at the upper end of the 
partition, ‘and fitted with a large strdiner, Vo' prevent die 
passage into the small compartment of salt Or foreign 
bodies. The water is admitteti through a perforated pipe 
situated bene^ith, and runnirg the fall length of the false 
bottom, and the brine Is removed through a pipe from the 
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upper part of the end compartirient, at the lower extremity 
of which latter pipe is a Strainer-box and strainer tlirough 
which the brine passes before delivery in-to The brine-tank. 
A salt gauge, salinometer, or hydrometer is also placed in 
the small or end compartment. 

I’he salt should be dissolved in the water until it reaches 
a density of about by the hydrometer. To facilitate 
dissolution it is desirable to stir the salt in the mixer with 
some liandy implement, the salt being shovelled in as fast 
as it can be got to dissolve. 

By the use of this mixture the settlement of salt on the 
bottom, and on the coils in the brine tank, which inevitably 
results when the dissolution is effected directly in the latter, 
is avoided. 

To-'inaintain the strength of the brine jt is recommended 
to suspend bags filled with the salt in the brine tank, or to 
pass the return brine through the above-described brine 
maker or mixer. 

A cheap and easily constructed apparatus for mixing 
brine can be made out of an old barrel in which a perforated 
false bottom is fixed a short distance above the bottom, the 
water to form the solution beinj^ delivered to the space 
between the two bottoms, and an overflow pipe fitted with 
a suitable strainer and a well to receive a salinometer being 
provided near the top to draw off the brine. 


'CoLUTioNS OF Chloride of Calcium (CaCh). 

[Manufacturer of Chloride »f Calcium^ U.S,) 


Specific 
G:.ivity at 
64” F;]hr. 

Degree 
Bcaum6 
.it 64" 
Fahr. 

Degree 
Salino- 
meter at 
04° Fabr 

Per cent, of 
Chloride of 
Calcium. 

Freezing- 

point 

Degrees 

Fahr. 

Ammonia Gauge. 
Lbs. per square inch 
at Freezing-point. 

roo7 

I 

4 

«’943 

H 

I-3I-20 

46 

roi4 

2 

8 

1-880 

- 

-30*40 

45 

ro2i 

3 

12 

2-829 

- 

-29-60 

44 

1-028 


16 

3772 

- 

-2 S'- 80 

43 

i‘h35 

5 

20 


- 

-28-00 

42- 

I 043 

‘ 0 

’24 

5-<>S8 

- 

-26-89 

41 

1-050 

7 

28 

6-6G'I 

- 

-25-78 

40 

1-058 

8 

32 

. 7'544 

H 

-24-67 

..38 

1-005 

9 

34 

8-487 

i 

h23*56 

37 

1-073 

10 

40 

9*430 

-1 

r22-o9 

35*5 
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Solution^ of Chloride of Calcium (CaCU). 

{Manufacturer of Chloride of Calcium^ U.S.) 


.Specific 
Giavity at 
64® Fahr. 

Degree 
Beauni6 
at 64° 
Fahr. 

Degree 
Salino- 
raeter at 
Fahr. 

Per cent, of 
jChloriile of 
C.ili'ium. 

Freezing- 

point 

Degrees 

Fahr. 

Ammonia Gau^e, 
Lbs. per square inch 
at Freezing-point, 

I*o8l 

11 

44 

10*373 

-^-‘20*62 

34 

I *089 

12 

48 

11*316 

+ 19*14 

32-5 

1*097 

13 

52 

12*259 

+ 17*67 

30-5 

1*105 

H 

5 ^' 

13 2u2 

+ « 5*75 

29 

1*114 


(jO 

14 145 

+ 13*82 

27 

f*112 

10 

64 

1 5 088 

+11*89 

25 

1*131 

17 

68 

16*031 

+ 9*06 

23-5 

1*140 

18 

72 

16*974 

+ 7*68 ' 

21*5 

1*149 

>9 

76 

17*917 

+ S'-IO 

20 

1*158 

20 

80 

18 *860 * 

+ 3*12 

18 

1*167 

21 

84 

19*803 

— 0*84 

15 

1*176 

22 

88 

20*7'46 

- 4 ' 4 t 

12*5 

i*i86 

23 

92 

2 1 *689 

- 8*03 

10*5 

1*196 

24 

96 

22*632 

-11*63 

8 

1*205 

25 

100 

23-575 

-15-23 

6 

1*215 

2(> 

104 

24*518 

-19*56 

4 

1*225 

27 

108 

25*461 

-2.1 * 4*3 

1-5 

1*236 

28 

112 

2(HO| 

-29 29 

ico vacuum 

1*2.16 

29 

116 

27*347 

-35*30 

r66 

1*257 

3(j 

120 

28*290 

-41-32 

y.cjBS 

1*268 

31 

— 

29*233 

- 47*66 

1 2*’® 

1*279 

32 

— 

30*176 

-54.00 

1360 

1*290 

33 

— 

31*119 

-44-32 

,ofi« 

1*302 

34 

— 

32 *c 62 

- 34*66 


i- 3«3 

35 


33*000 

• —25*00 

1*5 lbs. 


* Proper i h’.s of Solution of Chloride of Calcium. 

{Prof Siebel, “ Compend. of Mechanical Pefr/gerafionP) • 


I PercontriRf Spi-cific 

I by M'eiglit. Ilcat.^ 


Specific 
(iravity at 
Co® Ffthr. 


Freezing- I Freezing- 
point j pointy 
Degrees Fahr. j Degrees Cels. 


0*996 
0*964 
0*^96 
• o*86o 
••834 

0*790 
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Specific Heat of Calcium Chloride Solutions. 

(Expcrinienls made for the Pulsomcter Engineering Comi)any by the 
National Physical Laboratory.) 


Tcmpcratiue, Fahr. 

Specific- Heat. 

38 Tw.aclcViII. 

40 'J'waddell. 

43 Twaddcll. 

-10 

0*699 

0*687 

0*676 

0 

0*704 

0*692 

0*681 

+ 10 

0*710 

0*698 

0*687 

20 

0*715 

0*703 

0*692 

30 

0*721 

0*709 

0*698 

40 

0*726 

0*714 

o*7q'>. 

50 .. 

0*732 * 

0*720 

0 709 

60 

0*737 

0*725 

0*71*4 


The above may be taken as probably correct to 0 005. 
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From these results thc/ollqwing tables were cgrlculated : — 


[ ' 

Mean specific heat 
between 60° F, and 

1S.T.U. necessary to 

I Temperatuie. Fahr. 

cool one gallon at 60° F. 

i 

teinpeiature tabulated. 

fi 

to temperature stated. 

Solution 38 Twaddell at 60^ F. 


50” 

0734 

87 

40 ^^ 

0-731 

*74 

30° 

0-729 

260 

20° 

0-726 

34 fi 

10° 

u 723 

430 

0” 

0 720 

514 

Solution 40 Twaddell at 6 d^ F. 



0-723 

, 87 

40^ 

0-/20 

*73 


0-717 » 

258 

20® 

0-714 

343 

10° 

0-711 

427 

o'* 

0-708 

5*0 

Solution 42 Twaddell at F. 


50'' 

0-711 

86 

40'' 

0-708 

171 


o-yotj 

256 

, 2 QP 

0-703 

340 

10 ° 

0700 

423 

■ oo 

0-O98 

507 


Inspection of the last column in each of these 3 tables shows that 
the number of thermal units necessary to cool one f^allon of solution 
through a given range is nearly independent of the density of the 
solutiori. Also that the fall of specific heat with falling temperature 
is so sinall as to make it justifiable for most commercial purposes to 
take the specific heat as a constant over the range of temperature 
60° F. to 0° F, and the range of density 38 to 42 Twaddell. 

Between these limits the capacity for heat of these solutions may be 
taken as approximately 8*5 Brit. Therm. Units per gallon. 
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COMPARlSON<>OF VARIOUS HYDROMETER SCAI.ES.— ( 




Il8 REFRIGERATION AND ICE-MAKING. 
Comparison of Various Hydrometer ScALES.-i-( Coniinued.) 
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Freezing Times for Different' Temperatures and 

J lUllCKNESSES OF CaN ICE. 


{Siehert. ) 


Ihicknt'.'Js. 

d 

• 

.5 

c 

c 

a 

C 

c 

c 

d 

.5 

n 

s i 







'O 

• t' 

00 

<T 

** 


- 1 

■J emperature m” 

032 

1*28 

2-86 


8 00 

11 ‘5 

15*0 

20*4 

^5’8 

31 8 

38 5 

4S’8 


0'35 

1*40 

3*15 

5*60 

8*75 

I2'6 

17*3 

22'4 

28’4 

35*0 

42 3 

504 ; 

14® 

0 19 

1*56 

3*50 

6'22 

9' 70 

i4’o 

1 9*0 

2S‘C 

3i'5 

39'o 

47'o 

50 0 

16° 

0-44 

1*75 

3*94 

7 '00 

U'o 

15 « 

21-5 

28-0 

IS‘5 

43‘7 

530 

fa3'o 

, .. 18“ 

o' so 

2'00 

4'SO 

8*00 

12 s 

i8'o 

‘!4 5 

32-0 

40’5 

500 

6o'5 

72'0 1 

„ 20“ 

o's8 

2'12 

S*25 

9*3(’ 

i4'6 

21 'O 

28' s 

.37*3 

47*2 

58-3 

70' S 

84*0 1 

22“ 

o' VO 

2 80 

6-30 

I1'2 

17-5 

2S'2 

3f3 

448 

S6 7 

70' 0 

84-7 

lOO'O 

.. 24* 

088 

3‘5o 

7*86 

14*0 

21'0 

U*5 

J2'8 

56*0 

71-0 

875 

loO'i. 

I20't) 

1 


Time Required for Water 'to Freeze in Ice Cans. 

( 77 /<? Triumph Jce Machine Company, Catalogue.) 

Cans, size, 6 in. by 12 in. by 24 in. Weight of cake, 50 lbs. Time to 
ficeze, 20 hours. 

Cans, size, 8 in. by 18 in. by 32 in. Weight of cake, 100 lbs. Time to 
freeze, 36 houis. • 

Cans, size, 8 in. by 16 in. by 40 in. Weigi't of cake, 150 Ujs. Time to 
freeze, 36 horns. 

Cans, size, il in. by 22 in. by 32 in. Weight of cake, 200 lbs. Time to 
freeze, 55 houis. ^ 

Cans, size, 1 1 in. by 22 in. by 44 in. Weight of cake, 300 lbs*. Time to 
freeze, bo hours. , 

Cans, size, 1 1 in. by 22 in. by 57 in. Weight of cake, 400 lbs# Time to , 
freeze, 60 hours. 

Note. — T emperature of bath 14 to 18 degrees Fahrenheit. Asa rule, 
the higher the bath temperature the slower the process of 
freezing, but the finer and cleaiei the ice. 


Storing Ice. 

For storing purposes ice should be clear, solid, and 
devoid of core.. In Amesica some persons insist that ice 
for storage should not be made at temperatures higher 
than 10* to 14° in brine tank. 1 

The Brst requisite for a storage, house *for ^tificiaT ice, 
as also for ’natural ice, is^of course the best possible 
insulation; other necessary points to b<* attended tt> are 
drainage and ventilation. The 'best shape for an ice 
storage house is square, or aS nearly approaching this form 
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as possible, and the roof should have a good pitch. An 
ante-room or lobby is also desirable, as by the provision 
jOf this latter the necessity for the frequent opening of tlie 
main store is done away with. 

'^I'o preserve the ice, the storage rooms as well as the 
ante-chambers or lobbies must be refrigerated, and the 
amount of the latter required may be roughly estimated, 
according to Prof. Sicbel, at from about ten to sixteen 
British thermal units of refrigeration per cubic feet con- 
tents for twenty-four hours. About one foot of 2 -inch 
l)ipe (or its equivalent in other size pipe) per fourteen to 
twenty cubic feet of space is frequently allowed, says the 
same gentleman, in ice storage houses for direct expansion, 
and about one-hali to one-third more for brine circulation. 
The 1)i])es should be located on the /:eihng of the ice 
storage house. 

The ventilation of an ice storage house should be carefully 
attended to, and ventilators fitted with suitable regulators 
should be provided both in the highest part of the roof and 
also in the gable ends. The drainage should be such as to 
absolutely prevent the accumulation of any moisture beneath 
the bed of ice. It is recommended to paint an ice store 
white, preferably with a mineral paint such as barytes, or 
patent white. 

Respecting the best method to adopt for packing the ice 
in the store, considerable diversity of opinion seems to 
exist. ' It is well to provide a bed of from eighteen inches 
to two feet of cinders, as this tends to improve the drainage 
of the house. In one method the blocks are placed on 
edge and as closely packed together as possible, the blocks 
in eaph succeeding layer being placed exactly over those 
beneath and all breaking of joints being avoided. The ice 
is covered between the times of storing with dry sawdust or 
soft wood shavings, and the uppermost layer is invariably 
covered with dry sawdust or shavings. 

Mr. R. Thompson, writing to this Canadian Farming 
Worlds SMys that in filling the house he puts the ice on 
edge, placing every alternate layer crossways, which plan, 
he ‘Claims, enables ice to keep better and come out easier. 

Others recommend tliat the ice be stored With alternate 
ends touching, and alternately from one and a half to two 
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inches apart, srj as to prevent the ice from freezing together. 
The cakes or slabs of ice should not be parallel to each 
other, and storage should only be made when the tempera- 
ture is at or below freezing. Or, again, —inch strips placed 
between the layers of ',ce in the store so as to separate the 
cakes or blocks top, side, and bottom, from all others in 
the house. ' 

For packing the ice, sawdust, rice chaff, straw, hay — 
marsh or prairie hay being said to be preferable — are em- 
ployed, the latter materials being the best, and rice chaff 
being capable of being dried and re-used. Six inches of 
wtll-packcd hay should be placed between the ice and the 
walls, and no covering until the store is full, 

A cubic foot of ice is taken to weigh '5 7 *5 lbs. approxi- 
mately at 32° Fahr, A cubic foot of water frozen at 32° 
will make 1*0855 cubic foot of ice, thus showing an expan- 
sion of 8*5 per cent, due toTreezing. A cubic foot of pure 
water at 39° Fahr., its point of greatest density, weighs 
62*43 Fifty cubic feet of ice, as usually stored, equals 
about one American or short ton of ice (2000 lbs.), or 62 
cubic feet one English ton. In smalFice houses, in which 
the ice is closely packed,^ short ton of ice can be got into 
from 40 to 45 cubic feet. 

When withdrawing ice from a store, breaking out bars 
for bottom and side breaking are required, and if properly 
skilled assistance is not available a considerable amount 
of the ice will in all probability be broken up and wasted. ■ 

The wastage of ice in an ice store not artificially copied 
from January to July is, in the United States, at the rate of 
'about 0*1 lb. of ice per twenty-four hours for each square 
foot of wall surface, or say from 5 to i o per cent, of the ice 
stored during the six months. 

The amount of heat that will pass through a square foot 
of ice one inch in thickness, is put at 10 British thermal 
units per hour for each degree Fahrenheit difference 
between the respective temperatures on each, side of the 
sheet of ide. . * * ^ 

In handling and selling ice, the waggons should be clean 
and sanitary, the men in charge* should avoicF walking about 
in them with* dirty boojs, and blocks of ice should not be 
deposited and slid about on' filthy pav.ements. These 
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matters are attended to in the United States^ but here they 
are totally neglected. 

In the United States the selling and delivery of ice is 
generally done by the coupon system, which is thus described 
by Prof. Siebel : “ It is a system ►of keeping an accurate 
account with each customer of the delivery of and the pay- 
ment for ice by means of a small book containing coupons, 
which in the aggregate equal 500 or 1000 or more pounds 
of ice taken by the customer every time ice is delivered. 
These books are used in the delivery of ice in like manner 
as mileage books or tickets are used on the railroad. A 
certain number of coupons are printed on each page, earh 
coupon being separated from the others by perforation, so 
that they are easily detached and taken up by the driver, 
when ice is delivered. Such books are each supplied with 
a receipt or due bill, so that if the customer purchases his 
ice on credit, all that is necessary for the dealer to do is to 
have the customer sign the receipt or due bill and hand 
him the book containing coupons equal in the aggregate to 
the number of pounds of ice set forth in the receipt or due 
bill. The dealer then has the receipt or due bill, and the 
customer has the book of coupoifs. The only entry which 
the dealer has to enter against such purchaser in his books 
is to charge him with coupon book number, as per number 
on book, to the amount of 500, 1000, or more pounds of 
ice, as the value of the book so delivered may be. The 
■driver then takes up the coupons as he delivers the ice from 
day to day.” 



SECTION IV.^ 
INSULAI’ION. 


In addition lo non-conducting qualities, a good insulating 
inqj.erial should be non-odorous, non-hygroscopic, not liable 
to silt, and both vermin and fire-proof. 

Perfect insulation would be attained ivhen there was 
absolutely no transmission of heat through the walls of.the 
building, which state *of things is- practically an impossibility. 
Every one should, however, endeavour to secure as near an 
approximation to the above as possible, and it should be 
remembered that poor insulation is a constant drain upon 
the machinery and pocket of the owner, as a very large 
percentage of the actual work of a refrigerating machine is 
that required to make up for the transfer of heat through 
the walls, floor, and ceiling of the cold store, resulting from 
defective insulation. 

In the following tables the results of a number of- tests 
as to the values of different insulating materials are given, 
and from these tables may be deduced sufficient information 
to enable an intelligent choice to be made. In Australia 
pumice stone is much used, and is said to give good results. 
In this country and the United States silicate cotton or 
slag-wool ; cork, in slabs, bricks, and granulated j and char- 
coal are employed, and there is something to be said in 
favour of each of these materials. 


When charcoal is employed it should be well dried, and 
packed as nearly as*possibIe to*a consistency of ii lbs. per 
cubic foot. Silicate cotton or slag-wool is usually packed 
to a consistency of about 12 lbs, per c'abic foot, one ton 
equalling about .187 cubic feet. Some engineeta piefet, 
however, to use 13 Ihs. per cubiofoot. ^ ^ 

possessed b/ granulated COA 15 llS 
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Transmission of 'Heat through various Insulating 
Structures. — {Starr, American W&rcltduseniciC s Assoc.) 

Col. 1. gives B.T.U. per square foot per day per degree of differcnco 
of temperature. Col. It. gives meltage^'of ice in pounds per day b) 
licat coming through loo square feet at a difference of 40'’. 


One ^in. board, 2^1*1. taincral wool, paper, one |-in. 

boJird 3-62 lor.i 

1 wo -^-in. double boards and two papers, i-in. hair-feli 93 I 

Two ^-in, boards and paper, i-in. sheet cork, two g-in. 

boards and j5aper 3-30 92 .> 

One y-in. l^oard, paper, 2-in. calcined pumice, paper, • 

and l-in. boaid 3*38 95 2 

One l-in. board, .paper, 3-111. sheet cork, papei, one 

^-in. board .. 2- 10 6o'o 

Double boards and papers, 4-in. granulated cviik, double 

boards and paper . * 170 48-0 


Results of 'J’EsSts to determine the Non-Conductive 
Values of Different Materials. 

(//. F. Dj/uiiLon, Af.I.C.E.y Fro oeduigSf Inst. C.E.) 

Experiment No. i. 



Thickness 

Original 
Weight 
of Ice. 

Weight after 

T.oss after 

— 

of 

Tnsulatinp 

Material. 

Twenty- 

four 

Hours. 

Seventy- 

two 

Hours. 

.Seventy- 

two 

Hours. 


Inches. 

Ozs. 

Ozs. 

Ozs. 

Per cent. 

Peat (compressed 
and set in Fossil 






Meal) . . , , 

9 

95 

8t 

59 

37-89 

Charcoal . . . . 

11 

79-} 

‘/ 3 i 

56 

41-97 

Silicate Cotton . , 

4J 

‘ 925 

40i 

56-21 

Magnesia anij As- 


bestos fibre , .1 

4l 

93 

73 

4oi 

56-45 


. Note. — T lv author thougHt it undesirable to consider further com- 
pressed peat set in fosfil meal, as he found by experiment its powers of 
absorption of moisture to be so great* as to constitute in his opinion a 
source of danger, 
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Experiment No. 2., 


— 



Weiglit after 


of 

Insul.itinfi 

Material. 

\ height 
of 

Ice. 

Twenty- 

four 

Hours 

Forty- 

Ninety- 

six 

Hours. 

Ninety- 

six 

Hours. 


Inthe";. 

Ozs. 


Ozs. 

Ozs. 

IVr c ent 

Silicate Cotton 

6 

104 


701 


43 - 7 .S 

Sawdust 

9 


8()i 

71 

48 

‘^2-62 

Peat . . 

9 

104 

77 i 

5 ^> 

26i 

h 7 .S 

Clifccoal 

9 

104 

88^ 

7 ^ 

60^ 

41-82 


Ej^periment .No. 3. 



'fliickness 

of 

Insul.iting 

Material. 

Original 

Weight 

of 

Ice. 

• 

Weight after 

Loss .aftei 
Sevinty- 
two 
H0U1.S. 

Twenty- 
four • 
Hours 

Seventy- 

two 

Hours. 


Inches. 

Ozs. 

Ozs. 

Ozs. 

Per cent. 

Silicate Cotton . . 

9 

92 

S 3 i 

74 

21*19 

Charcoal . . 

II 

92 

82| 

70J 

23;36 


Experiment No. 4. 


— 

ITiickness 

of 

Insulating 

Mattirial. 

• 

Original 

Weight 

of 

Ice. 

Weight after 

Loss after 
Ninety- 
six 

Hours. 

Twenty- 

lour 

Hours. 

Ninety- 

six 

Hours. 

Silicate Cotton 
(loosely Jiacked) 
Silicate Cotton . . . 
Charcoal ... .. 

Vegetable Silica^. . 
Diatomite . . 

lnchc|. 

9 

9 

11 

1 1 

Ozs. 

110 

no 

no, 

no 

no 

Ozs. 

% 

103 . 

lOff 

lool 

IOl| 

Ozs. 

^ 4 ' 

fk 

7 ii 

Per cent. 

.23*41 • 

- 26*59 

28*18 
30*22 • 
32*95 
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Results of Tests to determine the Non-Conductive 

I) 

Values of ‘Various Materials. 

( f> 

(Dr. Wm. Wallace.') 


materials. 

Cuhir 

Centimetres 
(pramttie^) of 
Welter melted 
in T2 days. 

Average c.c.’s 
per day. 

Silicate Cotton 

94/0 

789 

Flake Charcoal 

11,010 

917 ‘ 

Felt 

11,760 

980 

Fossil Meal , . 

12,530 

1,044 

Twig Charcoal . . . , 

13,590 

1,132 

Plain Cork Slabs . . , . 

1^,020 

1,168 

Tarred Cork Slabs . . 

14,610 

1,217 

Broken Lump Chaicoal 

15,916 

1,326 

Ashes . . 

23,316 

1,943 


Coleman’s method was used in making the above tests, with 
walls 6 in. thick. 


Rate of Passage of Heat through Various 
Materials. Marcet) 


B.Itish Thermal Units per hour per superficial foot through materials 

6 in. thick. 

' 

T = 


T B 

So" 

T» 

40 “ 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Silicate Cotton . . 

4*11 

1405 

2*34 

. 8-57 

I'I7 

6-70 

Cow Hair . . 

4*11 

8-bo 

2*34 

5*30 

1*17 

3-50 

Charcoal 

A70 

12-30 

2*93 

7*50 

1-76 

4-40 

Sawdust . . 

' 6*75 

15*60 

4*40 

9-60 

2*34 

5-50 

Infusoria! Earth . . 

10-00 

— 

6-i8 

— 

T 57 


Cork Bricks 

5*87 

— 

3*20 

— * 

a*90 

< 



T s= The DiiFerence of. Temperature (Falj.) on the two sidei of the 
material. 
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Results oe Tes^s 01^ the Heat Conductivity oe 
Different Substances 

1 

( Various authorities^ 

(Silicate Cotton being tak/^n at icx),) 


SUBSTANCE. 

• 

C. E. 
Emery, 
1881. 

J.J.Cole- 

man, 

1884. 

W. TI.- 
Collins, 
1891. 

Prof. 

Jamieson 

1894. 

Silicate Cotton or Slag Wool , , 

100 


ICO 

100 

Hair-Felt or Fibrous Composition 

— 

117 

114 

1T2 

Papier-Mach6 

* — 


H 7 

III 

Kieselguhr Composition . . , . 

— 

136 


112 

Sawdust 

122 

it >3 

142 

— 

Charcoal 

132 

140 


— 

Cotton Wool 


122 

— 



Sheep’s Wool 

— 

136 

— 

— 

Pine Wood (across the grain) 

150 


— 

— 

Loam 


— 

— 



Gasworks Breeze or Coal Asiles . . 

240 

230 

299 



Asbestos 

229 

— 

179 

— 


Table giving the Relative Heat Conductivit'/ of 
Various Boiler-covering Materials. 

{The ** American Engineer T) 


Silicate Cotton or Mineral Wool , , . , . . 100 

Hair Felt .. 117 

Cottonwool : 122 

Sheep’s Wool 136 

Inftisoiial Earth ,, 

Charcoal * . . , , ^140 

Sawdust * .. ,, 163 

Gasworks 3 reeze 230 

Wood and air space ^ 280 
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Results of Experiments Rl'garding Non Heat-con - 
DuciiNG Properties of Various Substances. — 
{Prof^ /. M. Ordway.) 


Coverings i inch thick. 

Pounds <)l W.-itcr 
heated 10“ F. per 
hour by i sq. loot. 


I “ Silicate Cottoi," or “ Slag Wool " . . 

13-0 


2 Paper . . 

14*0 


3 Cork Strips, bound on 

14-6 

i 

4 Straw Rope, wound sjurally 

i8-o 


5 l.oose Rice Chaff . . . . . . . . 

187 


6 Blotting Paper, wound tight . . . . 

21-0 

. 7 Paste of Fossil Meal and Hair 

1O7 

1 8 Loose Bituminous Coal Ashes 

210 


9 Paste of Fossil Meal with Asbestos 

22-0 


10 Loose Antliracite Coal Ashes 

27-0 

i 

1 1“ Paste of Clay and Vegetable Fibre . 

30-9 


^12 Dry Plaster of Pans 

30-9 


13 Asbestos Paper, wound tight 

21*7 


14 Air alone 

48-0 


I ^ Fine Asbestos 

49-0 


16 Sand . . 

621 


• These substances are not well sui 


ted for covering heated surfaces— 


owing to their natiue they soon become carbonised. 

t TIard substances that, with the acticn of the heat, break, powder, 
and fall oft'. 

N.B. — The Asbestos of 15 had smooth fibres, which could not pre- 
vent the air from moving about. Later trials with an Asbestos of 
exceedingly fine fibre have made a soraewliat better showing, but 
Asbestos is leally one of the poorest non-conductors. By reason of its 
fibrous character it may be used advantageously to hold together other 
incombustible substances, but the less the better. 


Non Heat-conducting Properties of Various Sub- 
stances. — {From “ Engi/ieeringP) 


Prepared Mixtures, for Covciing Boilers, Pipes, &c. 

Pounds of Water 
heated 10° Fahr, 
per hour per 
square mot. 

Slag Wool (Silicate Cotton) and Hair Paste 

Fossil Meal ai^d Hair P..ste 

Fiber Pulp alone . ; 

Asbestos Fibre, wrapped tightly 

Fossil Meal and Asbestos Powder . . 

Coal Ashes and Clay Paste, wrapped with Straw. . 
Clay, Dung, and Vegetable Fibre Paste . . 

Paper Pulp, Clay and Vegetable Fibre 

10-0 lbs. 

10*4 „ 

147 » 

17-9 » 

26-3 » 

29-9 » 

39*6 » 

44 '^> .. 
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Results of Experiments Ri-gardj^ng Non Heat*con- 
DUciiNG Properties of Various Surstances. 


(il'alter Jones, J leal in by Hot Water.'*) 


Frame Filled with 

Left for 

Highest Temp. 
Registered. 

Leroy’s Boilcr-covciinj; Composition . . 

3 hours 

94 “’ 

Asbestos Powflcr 

4 ** 

86» 

Hair Felt 

9 » 

77 '’ 

Silicate Cotton 

* 

9 »» 

76- 

1 


Heat in Units transmitted per Square Foot per 
Hour through Various Substances. 

{Pedet.) 


Mateii.als. 

U nits of 
heat trans- 
mitted. 

• 

Materials. 

Units of 
boat trans- 
mitted. 

Gold .... 

625 

Guttaperch?* 

>•37 

Platinum 

600 

India-rubber 

* I *36 

Silver .... 

595 

Brickdust, sifted . 

1-33 

Copper , . 

520 

Coke, in powder . 

1*29 

Iron .... 

230 

Iron filings . 

"1*26 

Zinc .... 

225 

Cork .... 

i*iS • 

Tin . 

178 

Chalk, in powder 

o>86 

Lead .... 

113 

Charcoal (wood) in pow- 


Alarble 

H 

der .... 

063 

Stone .... 

14 

Straw, chopped . 

9-56 

Glass .... 

6*6 

Coal, powder sifted 

0'54 

Terra-cotta . 

4-8 

Wood ashes 

053 

Brickwork . 

4-8 

Mahogany dust . 

052 

Plaster , 

38 

•Canvas, hempen new . 

0*41 

Sand .... 

^ 217 

Calico, new 

i 040 

Oak, against, the grain 

Writing-p:|per, white . 

034 

or fibre ... 

17 

Cotton and ^heep’f.wdol 

, 0*3- 

Walnut, with the giain 
or fibre . . * . 

• 1*4 

Eiderdowai . 
Blotlmg-paper, gicy . 

0-31 

O’ 26 

Fir, with the- grain or 
fibre . .• 

1-37 

•• 

• 

» 
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Relative and Absolute Thermal Conductivity of 
Substances used as LagginO fo? S’^eam Boilers. 
(Professor Jamieson^ 

Results of the Tests. 


Name of Material. 

Weight of Sample 
(including Tin). 

Total fall of Tempera- 
ture in 120 minutes. 

Thermal 
Conductivity in 
Absolute Measure. 

Conductivity as 
Compared with Dry 
StiL Air. 

Dry air . . • • 

Fossil meal composition . 
Cement with hair felt* . 

Silicate cotton, t or slag 
wool . . . • 

KicsclguhrJ composition 
Papier machfi composition § 
Fibrous composition (flax, 
hemp, cow-hair, and clay) 
Papier machfi composition|| 

ll)S. oz. 

7 2 

5 15 

7 13 

7 h 

9 9 

8 12 

Ueg. Cent. 
6*0 
21-5 
30-0 

29-0 

29*0 

*35-5 

34*5 

37-5 

0-0000558 

0*0002089 

0-0003613 

0-0003875 

0-0004336 

0*0004424 

0-0004550 

0-0005019 

I-OO 

4-82 

6-47 

6- 95 

7*77 

7- 93 

79* 

8- 99 


• Ihe outside diameter of this sample was about J in. smaller than the 
inside diameter of the middle tin-case or vessel, and it had consequently 
a slight advantage over the other samples m having a thin layer of air 

between its outer surface and the latter. 

t The silicate cotton was pressed together tightly, and thus its 
conductivity appears greater than would have been the case had it been 

” t^The Me£lgu^employed conasted on the 
•vTnfniPQia 0*7 Lime 0’8. Alumina ro, Peroxide of Iron 2 i, Urganic 
MaSr 4*5, ^Moisture and Loss, 7' i . It was employed in conjunction 
with 10 per cent, of binding material, viz., fibre and mudlagmous 

^!^^/papkr m!ch6'com^sitio^ consisting of pa^ pulp mixed with clay 
and carboii, together with hair and fragments of hemp rope. 

II A lighter modification of above. 


' The quantity of heat in units, transmitteJ through one 
iquare foot of plate per hour, may be found thus ; Subtract 
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the temperature* of the cooler side from ihat of the hotter 
side of the plate, then multiply the*result by the number in 
the table on p. lii corresponding to the material used, and 
divide the product by the thickness of plate in inches. Thus 
an iron plate 2 in. thick, ^having a temperature of 60° on one 
side and 80® on the other, will transmit 80 — 60 X = 2300 
units of heat per square foot per hour. 


ft EAT-CON DUCTING PoWER OF VARIOUS SuDSTANCES, 
Slate leing 1000. — {Moksworth) 


Slate 

• . 1,000 Chalk . , , 

• 564 

Lead 

. . 5,210 1 Asphalt . 

. 451 

FlagstoTi ? 

. . 1, 1 10 Oak. 

. 336 

Portland stone 

. . 750 Lath and plaster 

. 255 

Brick 

600 to 730 Cement . 

, 200 

Fire-brick 

. • 620 



Tests regarding Conducjivities of Asbestos ,and 
Kieselguhr. — (y. G. Dobbie.) 

Results of Tests. 



Totals in one hour , 
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Results of Different^Experiments on I'he Heat Con- 
ductivities OF Various Substances. — { IV . H . Collins .) 

(Silicate cotton hein^ taken as loo.) 


Substanco. 

t 

wg 

w 

u 

e 

It 

B 

-500 

U M 

U 0 
,00 

1 

II 

1 

Fossil meal compontion 





70 

Cement with hair-felt . 


83 

, , 

. . 

•93 

Silicate cotton or slag w'ool . 


100 

100 

100 

100 

Hair- felt or fibrout. composition 


, . 

II7 

114 

112 

Papier-machfi 


,, 


147 

HI 

Kieselguhr composition . , , 


- 

136 


112 

Sawdust .... 


122 

163 

142 

. . 

Charcoal . • . • 

li 

132 

140 


,, 

Cottonwool .... 



122 


, , 

Sheeps’ wool 



i 3 f> 

, , 

.. 

Pine wood (across the grain) . 


ISO 



.. 

Ivoam 



, , 


. , 

Gasworks breeze or cbal ashes 


240 

230 

299 


Asbestos . . . 

' 1 

229 

1 

.. 

179 

•• 


Experiments by T. B. Lightfoot and G. A. Becks. 

Experiment No. i. 

Duration of experiment, 48 hours. Average temperature 
of‘room or chamber, 90'’ F. 

A piece of ice 23 lbs. in weight was placed in a zinc box 
12 in. cube, and covered with 2 in. silicate cotton, this 
latter being provided with an outer cover, also of zinc. 
When the ice was taken out it weighed 10^ lbs., showing a 
loss of i2i lbs. 

12^ lbs. X 142 (latent heat of ice) =>1775 thermal units 
passed through ir^ 48 hours. = 36-979166 thermal 

units p^sstd..through in i hour. 

Difference in temperature between inner box and outer 
;air = 58° -jj~ = 0*63 thermal unit transmitted per 
hour per degree difference in temperature^ Area of zinc 
boxes; inner box, 6 sq. ft.; outer, 10-6'* sq. ft.; mean, 
8-1 sq. ft. 
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Thermal unite transmitted through Ijie three areas- 


0-63 


r' •= 


•^3 
8-I ■ 


0*07, 


o’6z 

= 0*059 

10 6 


which being multiplied by 2 for the thipjcness of cotton, 
gives thermal units per hour, per degree difference in 
temperature, per square foot, per in(!h of thickness, as 
follows; 0*210 inner tin, o*ii8 outer'tin, 0*14 mean. 


Experiment No. 2. 

buration, 48 hours. Average temperature of room, 

90° F- • . . 

A piece of ice 26 lbs. in weight, covered witli 6 irx of 
charcoal. When taken out it .weighed 7i lbs., showing a 
loss of 18^ lbs. i8*5 X 141 = 2627 thermal units in 48 
hours, = 54*72 thermal units per hour. = o'94 

thermal units per hour, per degree difference in temperature 
between inner box and outer air. Area of tins . inner box, 
6 sq. ft. ; outer, 24 sq. ft. ; mean, 13*5 sq. ft. 

The number of thermal^ units transmitted per hour, per 
degree, per square foot — 

® 94 0*15, ? = 0*069, = 0*039 

6 13*5 24 

which being multiplied by 6 for the thickness of charcoal, 
gives thermal units transmitted per hour, per degree, per 
square foot, per inch of thickness; 0*90 inner tin, o'?.34 
outer tin, 4*14 mean. 


Formula for ascertaining Units of Rekrigeration 

REQUIRED in 24 Hours, to carry off Heat 

RADIAl'ED THROUGH SQ. .FT. (/) OF WALL, FlOOR, 

AND Ceiling. 


R =/«(/- A)HU. 

HU = heat units 'of 7^72 ft. lbs., / = internal ^temperature, 
/j = external 'temperature, and n = heat unite* transmiitea 
per 24 hours per sq. ft. of surface for cfifference of 1° Fahr. 
between internal and external teniperature. 
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Transmission of Heat through various Insulating 
Structures. — (Siarr, American WarCihoufemen s Assoc.) 


Insulating Structures. 


B. T. U. per 
."^q. ft per 
day per deg. 
of difference 
of tempera- 
ture. 


Meltage of 
ice in Ib'i. per 
day by heat 
coming 
through loo 
sq. ft. at a 
diflertnce of 
40°. 


j-in. oak, paper, i-ln, lampLlack g-in. pine 
(ordinary Stock family rcfrij^cralor) 

^-in. board, i-in. pitch, J-in. board 
Four 2-in. spruce boards, two papers, solid, 

no air-space 

I wo double boards and papeti (four 2 "jn. 

boards), and one air-space 
2 -in. board, 2 -in. pitch, 2 -in. board* 

2 -in. board, 22 -in. mineral wool, jraper, 

2 -in. board 

Two 2-in. double boards, and two papers, 

i-in. hair felt . . 

Two 2-boards and pa‘per, 1 -in. shed cork, 
two 2 -in. boards and paper . . » . . 

2 -in. board, paper, 2 -in. calcined jnnnicc, 

paper, and 2 'in. board 

F our. double 2 -in. boards with paper between 
(eight boards), and three 8 -in. air-sjiaccs 
Hair quilt insulator, four boards, four quilts 

hhir 

7 -in. board, 6 in. pat. silicated straw-board, 
«air-cell finished inside with thin layer of 

patent cement 

2 -in. board, paper, 3 -in. sheet cork, paper, 

|-in. board 

Two 2-in. boards and paper, 8 -in. mill 
shavings and paper, two 2 -in. boards and 

paper 

Same, slightly moist . . , . . 

Same, damp 

Double boards‘and paper, i-in. air, 4 -ki. 

* shee^coiic,»papcr^, 2 -in. board .. 

Same, idth 5 -in. sheet cork 

2 -in. board, paper, i-in. mineral wool, paper# 

‘ 2 'i’'- boards 

Double boards |nd papers, 4 -in, granulated 
cork, double boards and paper . . • . . 


57 

4-yo 

1607 

138-0 

4*28 

1200 

37* 

4-25 

105*0 

1197 

3 '62 

101 9 


93-4 

3-30 

1 92-9 

3-38 

95 '2 

27 

76-0 

2-517 

70-9 

2-48 

1 

69*8 

2*10 

6o'o 

I '35 
r8o 
2'10 

38*3 

507 

' 6o'o 

1*20 

0-90 

33'6 

25'3 

4-6 ' 

130-0 

17 

48-0 


I 




INSULATION. 


135 


Value of Air as an Insulating Material. 

Air forms an excjiUent insulating material when so con- 
fined as to be d&void of all movement. To prevent motion, 
however, it is not sufficient to merely provide a dead air- 
space, imprisoning the lir between two walls, as under such 
conditions it will move about or circulate in the empty 
space or cavity, the direction of its inotion taking place 
from the outside or external wall, ‘the air contiguous to 
which becomes lighter owing to the rise in temperature, 
and rises whilst the cold air descends and takes its place, 
and heat will thus be constantly transmitted from the 
exterior to the cold chamber by convection. It is to the 
capacity possessed by materials such ag slag wool for 
imprisoning between its fibres very considerable voliynes 
of air, and retaining «ame in a §tagpant condition that this 
material chiefly owes its efficiency as a non-conductor. 

Examples of Insulation with Silicate Cotton. 

The following diagrams show simple methods of insulating 
floors, walls, and partitions with slag wool or silicate cotton). 
Fig. 22'*' is an insulated floor, O, R, and T*being i-in. grooved 
and tongued boarding, P ajtid S insulating paper, and Q sili- 
cate cotton. Fig. 22^ consists of tongued and grooved board- 
ing O, U, and R, air space V, layer of insulating paper P and 
S, and silicate cotton Q. Fig. 2 2^^, i-in. tongued and grdbved 
boarding O and T, layers of insulating paper P and S, rough 
boarding W laid on fillets of wood, and loose silicate cdtton 
Q. Fig. 22^, boarding O, O, layers of insulating paper P, P, 
and loose silicate cotton Q packed between the joists. Fig, 
22"^ is an example of wall insulation, O, O indicating i-in. 
boarding, P, P layers of insulating paper, Q loose silicate 
cotton, X fillets, and Z plugging sunk in the wall V of’the 
cold room. Fig. 22^ shows a form of insulated partition in 
which O, O represerit i-in. boarding, P, P layers of insulating 
paper, and Q loose 'silicate cotton. 

It is recommended by a well-know A firdi of manufac- 
turers of silicate cotton, in the case of dwisioilaf psirtitions, 
to support the insulating material on each side**by gal- 
vanized wire ‘netting i-in. mesh, 19 gauge. This netting is 
claimed to render the paftition virtually fireproof, as it 
serves to support the suicate cotton or slag wool should 
the match-boarding be burnt away. 




Figs. 22"^, 22^', 22^, 22^, 22'*', and 225^. — Examples of Insulation v.'ilh silicate cotton or slag u ool. 
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Walls for Cold Stores. 

The folloving* materials and dimensions have been re- 
commended for walls of cold chambers : — 

14 in. brick wa]j, 3^ in. air space, 9 in. brick wall, 

I in. layer of cement, i in. layer of pitch, 2 in. by 3 in. 

studding, layer of tar paper, i in..tongued and grooved 
boarding, 2 in. by 4 in, studding, j in. tongued and grooved 
board, layer of tar paper, and, finally, i in. tongued and 
grooved boarding, the total thickness of these layers or 
skins being 3 ft 3 in. 

• 36 in. brick wall, 1 in. layer of pitch, i in. sheathing, 

4 in. air space, 2 in. by 4 in. studding, i in. sheathing, 

3 in. layer of mineral or slag-wool, 2 in. by 4 in. studding, 
and, finally, i in. sheathing ; total thickness, 4 ft. 7 -in. 

14 in. brick wall, 4 in. pitch and ashes, 4 in. brick wall, 

4 in. air space, 14 in. brick wall ; total thickness, 3 ft 4 in. 
14 in. brick wall, 6 in. air space, double thickness of 

I in. tongued and grooved boards, with a layer of waler- 
jiroof paper between them, 2 in. layer of the best quality 
hair felt, second double thickness tof i in. tongued and 
grooved boards, with, a similar layer of paper between 
them ; total thickness, 2 ft 2 in, 

14 in. brick wall, 8 in. layer of sawdust, double thickness 
of I in. tongued and grooved boards, with a layer «f tarred 
waterproof paper between them, 2 in. layer of hair fe[t, 
second double thickness of i in. tongued and *groovea ♦ 
boards, with a similar layer of paper between them ; total 
thickness, 2 ft. 4^ in. • 

Brick wall, 3 in. scratched hollow tiles, 4 in.* silicate 
cotton or slag-wool, 3 in. scratched hollow tiles, and layer 
of cement plaster. • 

Brick wall, i in. air spaces between fillets or strips, i in. 
tongued and grooved boarding, two layers of insulating ])aper 
I in, fbngued and grooved boarding, 2 in. by 4 in. studs, 
16 in. apart, spaces filled in with silicate cotton, i in. 
tongued and grooved boarding, twp layert qf insulating 
paper, air spaces ^between fillets, Dr strips i.fn. by 2 in. 
spaced in. apart from centres, i in. tongued andgrqoved 
boarding, 1^0 layers of insulating paper, and i in. tongued* 
and grooved boaTdii%. 
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Brick or stone wall, well coated on inside with pitch or 
asphaltum, 2 in. by 3 in. ^studding,, 24 in. centres spaces 
between filled in with silicate cotton, j ifi. rough tongued 
and grooved boarding, two layers waterproof insulating 
paper, | in. rough tongued and groov(fd “^boarding, 2 in. by 

3 in. studding 24 in. centres in spaces between, J in. rough 
tongued and grooved - boarding, two layers of waterproof 
insulating paper, J in, rough tongued and grooved boarding, 

2 in. by 3 in. studding, 24 in. centres spaces between filled 
in with silicate cotton, | in. rough tongued and grooved 
boarding, two layers of waterproof insulating paper, and 
f in. tongued and grooved match-boarding. Paper to be* 
laid one-half lap and cemented at all joints. 

Brick wall 2 in. air space, 2 in. thicknesses of tongued 
and grooved boards with three layers of paper between, 

2 in. air space, 2 in. thickriesstes of tongued and grooved 
boards with three layers of paper between, 2 in. air space 
and 2 in. thicknesses of tongued and grooved boards with 
three layers of paper between. 

Brick wall well coated with pitch, 2 in. air space, 2 in. 
thicknesses of tongued and grooved boards with three layers 
of paper between, 2 in. space filled with slag-wool or cork, 

2 in. thicknesses of tongued and grooved boards, with three 
layers of paper between, 2 in. space filled with slag-wool 
or cork, *2 in. thicknesses of tongued and grooved boards 
with three layers of paper between. Shelving should be 
fixed hcft-izontally in the spaces packed with slag-wool or 
cork at about 16 in. apart. 

Brick wall, i in. air space, J in. match-boarding, 9 in. 
slag-wool or silicate cotton, layer of insulating paper, and 
J in. match-boarding, 

' Brick*" wall, i in. air space, 6 in. slag-wool or silicate 
cotton, I in. silicate of cotton slab, layer of insulating paper, 
I in. air space, and | in. match-tiparding, , 

Brick wall, i in. air space, i -in. silicate of cotton slab, 

4 in. silicate of cdtton,^ i in. silicate of cotton slab, in, 
air si$ace, akd | ih, match-boarding. 

Brick wafi' well coated with pitch, 2 in. air space, | in. 
tongued and grooved boarding, two layers of pa()er, J in, 
tongued and grooved b<^rding, 4 in, slag- woof *’or silicate 
cotton, I in, tongued and grooved boarding, two layers of 
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paper, J in.*tongued and ’grooved boarding, 2 in. air space, 

I in. tongued and grpoved boarding, two layers of paper, 
and J in. tonguetl and grooved boarding. 

Brick wall, 2 in. air spaed, J in. tongued anrf grooved 
boarding, two la^eil of paper, -J in. tongued and grooved 
boarding, 2 in. air space, J in. tongued and grooved board- 
ing, two layers of paper, and ^ in? tongued and grooved 
boarding. 

Brick wall, 2 in. air space, J in. tongued and grooved 
boarding, one layer of paper, 4 in. slag-wool or silicate 
cotton, ^ in. tongued and grooved boarding, one layer of 
paper, 4 in. air space, J in. tongued and grooved board- 
ing, two layers of paper, and J in. tongued and grooved 
boarding. ’ 

Brick wall, layer of pitch, J in. tongued and grooved 
boarding, 2 in. air space, |-1n. tongued and grooved board- 
ing, one layer of paper, ^ in. cork dust, J in. tongued and 
grooved boarding, two layers of paper, and | in. tongued 
and grooved boarding. 

Brick wall, 2^ in. air space ventilated by air-bricks 
every 5 feet in all directions, i in! tongued and grooved 
boarding, layer of insulating paper, i in. tongued and 
grooved boarding, 12 in. charcoal su})porled by horizontal 
shelving 28 in. centres apart, i in. tongued and grooved 
boarding, two thicknesses of brown paper, and i in. tongued 
and grooved boarding. • • 

Wall of cold storage room when made of wodd : 2 in.* 
thicknesses of tongued and grooved boarding with three 
layers of paper between, 2 in. air space, 2 in. thicknesses 
of tongued and grooved boarding with three layers of paper 
between, 2 in, air space, 2 in. thicknesses of tongued and 
grooved boarding with three layers of paper betwe’en, 2lh.* 
air space, 2 in. thicknesses of tongued and grooved boarding 
with ^hree layers of paper Jbetween, 8 in. slag-wool or silicate 
cotton, and i in. tongued and grooved boarding. 

2 in. boards, in. by 3 in. u{;righ\s, spaces between 
filled with carefully dried wood charcoal, i^in. boarding, 
layer of insulating paper, and li in. boarding: 

Outside siding, two layers of insulifting paper, •! ii^ 
tongued and grooved boarding, *2. in. by 6 in. studdings, 

• 16 in. apart from centres, i in. tongued and grooved boarding. 
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two layers of insulating paper, i in. tongued and grooved 
boarding, 2 in. by 4 in. studding 16 in. apart from centres, 
spaces filled in with silicate cotton, i i'n. tongued and 
grooved boarding, two layers 'of insulating paper, 2 in. by 
2 in. fillets or strips 16 in. apart from centres, i in. tongued 
and grooved boarding, two layers of insulating paper, and 

1 in. tongued and groored boarding. 

Divisional Partitions for Cold Stores. 

Tongued and grooved match-boarding, wire netting, 6 in. 
silicate of cotton or slag-wool, wire netting, tongued and 
grooved match-boarding. The object of the netting is to 
render the partition *fi re-proof by supporting the silicate of 
cotton after the match-boarding might have burnt away. 

-J in. match-boarding, •- in. air space, i in. silicate cotton 
slab, 4 in. of silicate of cotton o’* slag-wool, i in. silicate 
of cotton slab, \ in. air space, and i in. silicate of cotton 
slab. 

2 in. tongued and grooved boarding, with three layers of 
paper between, 2 in. silicate of cotton or cork, 2 in. tongued 
and grooved boarding with three layers of paper between, 

2 in. silicate of cotton or cork, 2 in. tongued and grooved 
boarding with three layers of paper between. 

J in. tongued and grooved boarding, two layers of paper, 
J in. tongued and grooved boarding, 4 in. silicate cotton 
or slag-wool, -J in. tongued and grooved boarding, 2 in. air 
space, -J in. tongued^ and grooved boarding, two layers of 
paper, and | in. tongued and grooved boarding. 

I in. tongued and grooved boarding, two layers of paper, 
I in. tongued and grooved boarding, 6 in. silicate of cotton 
or slag-firool, J in. tongued and grooved boarding, two 
layers of paper, J in. tongued and grooved boarding; 2 in. 
air space, J in. tongued and grooved boarding, two layers 
of paper, and f in. tongued and grooved boarding. 

I in. tongued and grooved boarding, i in. silicate cotton 
or slag-wool, J m. tongued and grooved boarding, 2 in. air 
space, J in. fongued and’ grooved boarding, two layers of 
paper, and f in. tongued and grooved boarding. 

^ J in. tongued and grooved boarding, two layers of paper, 
I in. tongued and grooved boarding, 2 in. air space, ^ in. 
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tongued and grooved boarding, tv^'o layers of paper, and 
I in. tongued aijd grgoved boas ding. 

1 in. tongued and grooved boarding, two layers ,of paper, 
J in. tongued and grooved bearding, 8 in. silicate cotton or 
slag-wool, I in. tdnjued and grooved boarding, two layers 
of paper, and I in. tongued and grooved boarding. 

J in. tongued and grooved boardifig, two layers of paper, 
J in, tongued and grooved boardftig, 4 in. silicate cotton or 
slag-wool, J in. tongued and grooved boarding, two layers 
of paper, and I in. tongued and grooved boarding. , 

J in. tongued and grooved boarding, two layers of paper, 
I in. tongued and grooved boarding, 2 in. hair felt, J in. 
tongued and grooved boarding, 2 in. silicate cotton or slag- 
wool, J in. tongued and grooved boarding, two layers of 
paper, and J in. tongued and grooved boarding. 

Flooring for Cold Stores. 

2 in. flooring, two layers of paper, | in. tongued and 
grooved boarding, 2 in. air space between fillets or scant- 
lings, 5 in. tongued and grooved boarding, 12 in. joists, 
spaces between packdd with silicate cotton or slag-wool, 
^ in. tongued and grooved boarding, two layers of paper, 
I in. tongued and grooved boarding, 2 in. air space between* 
fillets and scantlings, J in. tongued and grooved Doarding, 
two layers of paper, and | in. tongued and ^grooved 
boarding. 

2 in. cement, 3 in. concrete, | in. tongued and grooved 
boarding, two layers of paper, 2 in. flooring, 4 in, silicate 
cotton between fillets or scantlings, J in. tongued and 
grooved boarding, two layers of paper, and 2 in. .flooring^ 
boards on fillets or scantlings set in concrete. ‘ 

2 in. asphalte, -J in. tongued and grooved boarding, two 
layers of papery J in. tongued and grooved boarding, 2 in. 
air space between ,scantlirigs, J in^ tonj^ued and grooved 
boarding, 3 in. silicate cotton or slag-wopUbetween fillets 
or scantlings, J in. tongued and grpdved boardjbg, 2 in. air 
space be, tween fillets or scantlings, concrete. 

I in. asphalte, 2 in. concrete, i in. pitdh, 2 in. concrete* 
brick arches. • 

li in. tongued and grooved flooring, layer of insulating 
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paper, 2 in. by 9 in. joists, 12 in. centres apart, spaces 
tilled with silicate cotton 01 slag-wool, wire netting, layer 
(jf insulating paper, } in. match-boarding on 2 in. by 2 in. 
fillets or scantlings air spaces between, existing wooden or 
concrete flooring. The wire netting sl^chred to the under 
side of the joists serves to retain the silicate cotton in case 
of fire. 

1 in. tongued and grooved boarding, three layers of 
insulating paper, i in. tongued and grooved boarding, 2 in. 
b); 9 in. joists, spaces between filled in with silicate cotton 
or cork, i in. tongued and grooved boarding, three layers 
of insulating paper, and i in. tongued and grooved ‘ 
boarding. 

15- in. tongued arid grooved flooring, layer of insulating 
paper, 2 in. by 9 in. joists, 12 in. centres apart, spaces 
between filled in with silicate cotton or slag-wool, i in. 
silicate cotton slab on | in. by 2 in. fillets air spaces 
between, and f in. match-boarding. The i in. silicate of 
cotton slab is nailed on the under side of joists and is 
claimed to render the floor fire-proof, and to prevent 
radiation through the jbists. 

2 in. matched flooring, two layers of insulating paper, 

I in. matched sheathing, 4 in. by 4 in. sleepers 16 in. 
apart from centres, spaces between filled in with silicate 
cotton, double i in. matched sheathing with twelve layers 
-of paper between, and 4 in. by 4 in. sleepers 16 in, apart 
from centres imbedded in 12 in. of dry underfilling. 

Ground, concrete, layer of asphalte, i in. tongued and 
grooved match-boarding well tarred, two layers of stout 
brown paper, i in. tongued and grooved match-boarding, 
floor joists 3 in. by ii in. spaced 21 in. apart, binder joists 
iV in. by 4 in., bearing edges of floor joists protected by 
strips of hair felt \ in. thick and spaces between joists filled 
in with flake charcoal, and 15-, in. tongued and grooved 
flooring boards. 

As a further, exalnple^of methods that have been actually 
successfully, employed ‘fpr insulation, it will be interesting 
to know that the cold storage chambetp built at the St. 
.Katherine Dock,*’London, were constructed as follows ; — 

On the concrete floor of the vault, as it stood originally, 
a covering of rough boards ij in. in thickness were laid 
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longitudinally. On this hyer of boards were then placed 
transversely, bearers formed of* joists 4^ in. in depth by 
3 in. in width, ^nd s*paced 21 in. apart. These; bearers 
supported the floor of the storage chamber, which consisted 
of 24 in. battens torfgued and grooved. The 4}^ in. wide 
space or clearance between this floor and the layer or 
covering of rough boards upon the Ic^er concrete floor was 
filled with well-dried wood charcoal. 

Flooring for Ice Houses. 

• Floor to incline 3 in. towards central drain, and cross 
channelled fillets or scantlings on in. flooring, 2 in. 
cement, 6 in. concrete, ground. 

I in. tongued and grooved match-boarding, three*layers 
of paper, i in. tongued and* grboved match-boarding (to 
incline 3 in. towards centjal drain) on fillets or scantlings, 
air spaces between, i in. tongued and grooved match- 
boarding, three layers of paper, i in. tongued and grooved 
match-boarding, 2 in. by 9 in. joists spaces between filled 
with 4 in. silicate of cotton or slag-wobl kept in position by 
I in. boards secured by cleats to joists. 

Ceilings for Cold Stores and Ice Houses. 

I in. tongued and grooved match-boarding, three^ layers* 
of insulating paper, i in. tongued and grooved match- 
boarding, 2 in. air spaces between strips or fillets, ,i in. 
tongued and grooved boarding, three layers of insulating 
paper, i in. tongued and grooved boarding, joists spaces 
between filled with silicate cotton or cork, i in. topgue^ 
and grooved match-boarding, three layers of insulatmg 
paper, and i in. tongued and grooved match-boarding. 

Insulated flooijng, joists,, i in. tongued and grooved 
match-tfbarding, two layers* of ins^latinjg paper, in. 
tongued and grooved baatch-boarding, 2 in. spaces between 
strips or 'fillets filled in with silicate cotton or Cork, in. 
tongued and gioov^ match-boarding, three layers of in- 
sulating paper, and | in. tongued and gjtooved matbh- 
boarding. • ^ ' 

jL in. tongued and grooved boarding, two thicknesses of 
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brown paper, i in. toi^gued and grooved boarding, joists 
with spaces between pacVed with silicate cotton, i in. 
longued and grooved boarding, VVillesden paper, and i in. 
tongued and grooved boarding. 

Concrete floor, 3 in. tiles, 6 in. dr;; underfilling, double 
space hollow tile arches and layer of cement plaster. 

Double I in. floor with two layers of insulating paper 
between, 2 in. by 2 in.. strips or fillets 16 in. apart from 
centres, spaces filled in with silicate cotton, two layers of 
insulating paper, i in. tongued and grooved match-board- 
ing, 2 in. by 2 in. strips 16 in. apart, spaces filled in with 
silicate cotton, two layers of insulating j)aper, i in. tongued 
and grooved match-boarding, joists and double i in. 
flooring with two layers of insulating paper between. 

Door Insulation. ' 

I in. tongued and grooved match-boarding, three layers 
of insulating paper, i in. tongued and grooved match- 
boarding, 2 in. by i in. fillets or strips, with spaces between 
filled in with silicate cotton or cork, i in. tongued and 
grooved match-boarding, three layers of insulating paper, 

I in. tongued and grooved match- 4 )oarding, 2 in. by i in. 
fillets or strips, spaces between filled in with silicate cotton 
or cork, i in. tongued and grooved match-boarding, three 
layers of insulating paper, and i in. tongued and grooved 
’’match-boarding. . , , 

• I in. tongued and grooved match- boarding, two layers of 
insulating paper, i in. tongued and grooved match-boarding, 
12 in. space filled in with silicate cotton, 1 in. tongued and 
grooved match-boarding, two layers of insulating paper, and 
1 in. tongued and grooved match-boarding. 

Window Insulation. 

Windows are better dispensed with in cold stores and 
artificial light resorted to; where present, tluee sashtis 
spaced a few inches apart and glazed at both sides should 
be used. ■ 

Tank Insulation? 

Tank sides: 4 in. ^ir space between studding, i in. 
longued and grooved match-boarding, three layers ol 
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insulating paper, i in. tongued and grooved match-board- 
ing, 4 in. space filled wj^th cork, < in. tongued and grooved 
match-boarding, tJiree layers of insulating paper; i in, ' 
tongued and grooved match-bd'arding, 2 in. air space, i in. 
tongued and grootcfl match-boarding,, three layers of 
insulating paper, and i in. tongued and grooved match- 
boarding. Bottom : i in. space between strips, fillets or 
studding, well tarred before tank is ])laced in position, i in. 
tongued and grooved match-boarding, three layers of in- 
sulating paper, i in. tongued and grooved match-boarding,'# 
I in. air space between strips, fillets or studding, i in. 
tcjngued and grooved match-boarding, three layers of 
insulating paper, i in. tongued and grooved match-boarding, 
and 2 in. by 9 in. joists on concrete or ground spaces 
between filled with finders. 

Tank : 2 in. air space between fillets, J in. tongued and 
grooved match-boarding, two layers of insulating paper, 

J in. tongued and grooved match-boarding, 4 in. silicate 
cotton or slag-wool, | in. tongued and grooved match- 
boarding, two layers of insulating paper, and | in. tongued 
and grooved match-boarding. 

Tank : 2 in. air space between studding, layer of in- 
sulating paper, 2 in. flooring, two layers of insulating paper, 

I in. tongued and grooved boarding, joists, spaces between 
filled with charcoal for three-quarters depth, J in. tongued 
and grooved match-boarding, two layers of insulating paper, 
I in. tongued and grooved match-boarding, ground or 
concrete. 

Example of Insulation used Ajjroad. 

Masonry Om. 44 (i7’3 in.) in thickness covered .with ^ 
squares of cork Om. 15 (5*9 in.) in thickness, over which is 
placed a layer of cement. Squares of plate glass are also 
used. Ceilings in, armoured .concrete with hollow bricks, 
which retain thin layers of aic in the^ cavities. Interior 
insulation consists of d layer of small chafcoaj especially 
made for the purpose Om, 20 (7*8 in.) in thickness, (he inner 
walls being coated w 4 h inodorous resin. Floor insulation 
consists of Squares of cork Om. 14 (5 ’5 in.]f in thickneSs 
between the cit)ssbeams,^covered with a layer of cork Om. 03 
(ri8 in.) in thickness, 



SECTION V. 


tp:sting and management of refri 

GETATING MACHINERY. 

Testing. 

The' testing of a refrigerating plant is, carried out for the 
purpose of ascertaining whit it is capable of performing 
under comparable normal conditions, and as to the amount 
of refrigeration produced in relation with the expenditure of 
work, and the coal consumption. 

To determine the efficiency of an installation on the 
compression system; the following instruments and fittings 
are required, viz. : An indicator,* so that diagrams can be 
taken from the compressor ; stroke counters, to enable the 
number of strokes made by the steam-engine and brine 
pumps to be ascertained; and mercury wells to admit of 
tlie temperature being obtained at various points through- 
out the system. 

In making a test it is desirable that it should last at the 
veryjeast for fully 12 hours, and it is better to carry 
it on for 24 hours. The number of readings which 
it 4 desirable should be taken from the various in- 
struments will vary in accordance with whether or not 
the work is steady or otherwise, and the person canying 
out the test will have, of course, to use his own judgment 
on this head. Wh^re artificial ice is made, for 'example, 
tv^ice an hour will be sufficient, whilst on the other hand, 
four or In ore ''readings per hour should be taken in cases 
where the variation in the temperature of the materials to 
bb cooled is ‘wide. Indicator diagrams should be taken 
from both the steam-engine cylipijer and tRe compressor 
cylinder every two hours. 
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A mercury* veil, for an hbrizontal pipe, when the latter 
is of sufficient dimensions, consists usually in a short piece 
of tubing closed its lower end, and fitted into tl\e pipe 
by means of a suitable bushing It is filled about three 
parts full of mercury, tand the thermometer, which should 
have an elongated cyclindrical bulb, is held in position 
therein by means of a perforated cork.* For vertical pipes, 
or pipes of very small dimensions, where this arrangement 
would be impracticable, the well is generally formed by 
means of a wooden or other block, one side of which is, 
shaped to the outline of the pipe to which it is to be 
applied, and has a suitable recess formed therein. This 
block is firmly secured against the pipe by metal strips in 
such a manner that a portion of the wall of the well will 
be formed by the ]3ipe, the latter being scraped perfectly 
clean at that part. The joint'between the block and the 
pipe must be made perfectly tight, which can easily be 
effected by means of a little white-lead paint, there being 
no pressure, and the whole should be surrounded by a 
thick layer of non-conducting composition, through which 
the stem of the thermometer is permitU’d to project. 

The points in the syst«m where it is desirable to locate 
the mercury wells are : The suction pipe just at its 
connection with the compressor; the discharge pige, as 
close as possible to its connection with the compressor ; 
the ammonia discharge pipe from the condenser, as near 
the latter as practicable. Where a brine circulation is 
employed : The pipe or manifold supplying the various 
coils or sets of pipes in the refrigerator; the discharge. pipe 
of the refrigerator ; the brine discharge pipe, at the point 
where it connects to the refrigerator ; and the brine return 
pipe in proximity to where it connects with the refrigerator 

lUTERPRKT/fl’ION OF COMPRESSOR DIAGRAM. 

The interpretation of a compressor diagram jvith lespept 
to the working, valves, defects, etc., of t?he latter |re given 
as follows by Hans I^orenz, in “ Neue*re Kuehlmischiiien,” 
Muenchen aTid Leipzig, 1899. 

Assuming 2fU the parts * of the miebine to be in good 
order, then the diagram will have the general appearance 
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shown in Fig. 23. TJje suction line S is only slightly below 
the suction pressure line V, and the pressure line D is 
only slightly above the condenser p'ressure K. Small 
projections at the pressure and suction line indicate the 
work required to open the compressq r calves, and the effect 
of clearance is shown by the curve R, which latter cuts 
the back pressure line after the piston has commenced to 
perform its return or back stroke, and consequently reduces 
the suction volume to that amount. It can also be seen 
from this diagram that the vapours are taken in by the 
compressor, not at the back pressure, but at what may 
be called the suction pressure, which is somewliat lower. 
This is the reason that the compression curve C does not 
intersect the back pressure line until after the piston has 
changed its direction of movement. The theoretical 
volume of the compressor, 'as indicated by the line V, is 
consequently reduced in practical working for vapours 
possessing a certain tension. 

In Fig. 24 is shown a diagram taken from a compressor 
having an excessive amount of clearance. In this case, it 
will be seen, the back expansion line R passes through a 
flat course, and thereby reduces -the useful volume of the 
compressor. 

Fig, 25 is a diagram which indicates the binding of the 
pressure valve, which may be due to an inclined position 
of the guide rod of the valve. This deficiency also fre- 
quently causes a delay in the opening of the pressure 
valves, a state of things indicated by a too great projection 
in the pressure line. As soon as the valve is once opened 
the pressure line pursues its normal course until the piston 
commences its return stroke, when the defect is again 
'manifested in the back pressure line, as mentioned. 

Fig. 26 shows a diagram indicating too great a resistance 
in the pressure and suction, pipes respectively, when the 
valves are over-weighted. In this case the pressure and 
suction linq are at a comparatively great distance from the 
condenser pressure line and the back pressure line. The 
remedy for this is to replace the valye springs by weaker 
ones ; and should there be then no marked effect, then the 
pipe-lines and shutling-off valves should be inspected, and, 
if found necessary, cleaned. 
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Fig. 9 i. — l^iapram from Compressor with all parts in goovl older. 



Fig. 24.— Di.igram fiom Compressor with C' < ossive amount of clearance. 



Fig. 25. — Diagram from Comprcssoi indicating the binding of the Pressure 



*Fic. — Diagram from Compressor indicating too gruU a resietano? in 

the Pressure and Suction Valves. 
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I' lCj. 27.— Dirijuam fiom Lumprcssor uulKating the bhuluig of the Suction N'alvc. 



J’lG. 28.— Diagram fiom tompiessoi iiKliaitmg leaking of lompressoi Vaivca. 
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• 

Fig. 27 indicates the binding of theieuctioh valve by which 
a considerable decline, is caused in the pressure at the 
beginning of the suction, which is consequently shown by 
an increased projection in the commencement of the suction 
line. At the beginhiiig of compression .this defect makes 
itself felt by causing a delay in the latter, which effect is 
also shown on this diagram. • 

Fig. 28 shows leaking of the compressor valves. In this 
diagram the projections in the compression and suction 
line do not appear, but the compression line gradually 
merges into the pressure line, and the back expansion line 
phsses gradually into the suction line. If the leak in the 
pressure valve is the predominant one, then the compres- 
sion curve will be almost in a straight line and very steep ; 
if, on the contrary, the leak in the suction valve fs the 
predominant one, then the compression line will run a 
rather flat course. • 

Fig. 29 indicates that the piston is not well packed, and, 
being leaky, the vapours are permitted to pat)S from one 
side of the piston to the other, thus causing a very gradual 
compression, and as a result a compression line having a 
flat course. On the othdl: hand, a longer time will be taken 
before the suction line reaches its normal level on the 
return or backward stroke, inasmuch as the suctioij valve 
is prevented from opening until such time as the velocity 
of the piston becomes such that the amount of vapours 
leaking past the piston is insufficient in amount to nil the 
suction space. The pressure then gradually diminishesj and 
the suction valve then begins to act, as is shown cm the 
diagram. 

It is to be understood that several of the defects ^bove 
mentioned may exist at the same time. **** 


Manmjement (5f AmmonIa Compression Machines. 

Every particular type of machine working pn this prin- 
ciple has, as a rule, certain distinctive or ch^acteristic 
features, and will, of course, so far* at least as these are 
concerned,* require special care and adjustment, and* it 
would consequently bg totally impdssible to lay down an 
arbitrary set of rules for working that would be suitable to 
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all; nor is this- necesjsary or required, as full particulars 
relating to the manipulation of each particular machine 
are invariably supplied by the makers. The following 
points, however, are more of less applicable to all machines 
working on the ammonia compression pi inciple, and should 
therefore be familiar to those in charge of the same. 

Before charging an empty machine with anhydrous 
ammonia, all air must first be carefully expelled. This is 
effected by working the pumps so as to discharge the air 
through special valves which are usually provided on the 
pump dome for that purpose. 

The entire system should have been previously to thiis 
thoroughly tested by working the compressor, and per- 
mitting air to enter at the suction through the special 
valves 'provided for that purpose, and it fhould be perfectly 
tight at 300 lbs. air pressure oh the square inch, and should 
be able to hold that pressure without loss. Whilst testing 
the system under air pressure, it should be also carefully 
blown through and thoroughly cleansed from all dirt, every.’ 
trace of moisture being also removed. 

It is totally impossfble to eject all air from the plant by 
means of the compressor, therefore* it is advisable to insert 
the requisite charge of ammonia gradually and not all at 
once, the best practice being to put in from 60 to 70 per 
cent. o{ the full charge at first, and cautiously permit the 
•air still remaining to escape through the purging-cocks 
.with as' little loss of gas as possible, subsequently inserting, 
an additional quantity of ammonia once or twice a day, 
until all the air has been got rid of by displacement, and 
the complete charge has been introduced. 

To charge the machine, the dryer or dehydrator of the 
a] 5 paratus for manufacturing or generating anhydrous am- 
monia, or where no such apparatus is included in the 
installation, the drum or iron .or steel flask of anhydrous 
ammonia should be connected, through a suitable pipe, 
to the charging <^alve; the expansion' valve must be then 
closed, an^ the valve communicating with the dryer or 
dehydrator, or that in* the flask or bottle, opened. The 
machine shoultf be run at a slow speed wheh sucking 
ammonia from the drier, or whilst^ the flask is being 
emptied, with the discharge and suction valves full open. 
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• 

In the laltep case, when one of tht said* flasks or bottles 
has been completely emptied,* it must be removed, the 
charging* valvo having teen first closed, and another placed 
in position, until the machiife is sufficiently charged to 
work, when the charging-valve should . be finally closed, 
and the main expansion valve opened and regulated. A 
glass gauge upon the liquid receiver will show when 
the latter is partially filled, and the pressure gauges, and 
the gradual cooling of the brine in the refrigerator (in the 
case of a brine circulation or ice-making apparatus), aijd 
the expansion pipe leading to the refrigerator coils becoming 
Covered with frost, indicate when a sufficient amount to 
start working has been inserted. 

It is sometimes advisable to slightly warm the vessels 
or bottles contairyng the anhydrous ammonia by means 
of a gas jet, or in some otfier convenient manner, whilst 
transferring their contents to the maciiine, as otherwise, 
if frost forms on the exterior of the said bottles, they 
will not be completely discharged, and loss of ammonia 
will ensue. 

The flasks, bottles^ or other receptacles containing the 
anhydrous ammonia should be always kej)t in a tolerably 
cool and a perfectly safe situation, and they should more- 
over be moved and handled with the utmost caution and 
care. 

In the event of an accident occurring, and aijy con- 
siderable quantity of the ammonia becoming spilt, it is- 
well to remember that it is so extremely soluble in .water 
that one part of the latter at a temperature of 60“ Fahr. 
will absorb some 800 parts of the ammonia gas, therefore 
water should be employed to kill or neutralise it, agd any 
person attempting to penetrate an atmosphere saturrited 
with this gas should not fail to place a cloth well saturated 
with w|ter over his nose and mouth. 

The machine having been started, and the regulating 
valve opened, it is essential to note carcfqlly the lemaera- 
ture of the delivery pipe on the coii^)ressor, andjif it shows 
a tendency to lieat^then the said regulating valve must be 
opened wider; whilst, on the contrary, should it beebme, 
cold, this valve mu^ he slightly* dosetl, the regulation 
or adjustment thereof being continued until the normal 
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temijerature of the delivery pipe is the same as that of the 
cooling water leaving the oondenser^ When the charge of 
ammonia in the machine is insufficient, the « delivery pipe 
will become heated, and that even when the regulating 
valve is wide open. • ” 

There are many additional signs of the healthy working 
of the apparatus othei* than the fact that it is satisfactorily 
performing its proper refrigerating duty, which soon become 
easily recognisable to those in charge ; for example, every 
stfoke of the piston will be clearly marked by a corre- 
sponding vibration of the pointers or indexes of the pressure 
and vacuum gauges. The frost visible on the exterior of 
the ammonia pi])es leading to and from the refrigerator will 
be about the same. The liquid ammonia can be distinctly 
heard passing in a continuous and uninterrupted stream 
through the regulating valvel The temperature of the 
condenser will be about 15® higher than that of the cooling 
water running from the overflow. And finally, the tem- 
perature of the refrigerator will be about 15° lower than 
the actual temperature of the brine or the water being 
cooled. ' 

Air will find its way into the * system through leaky 
stuffing-boxes, improper regulation of the expansion valve, 
etc. Its presence in any considerable volume is shown 
by a kind of whistling noise, the liquid ammonia passing 
ihrough the expansion valve in an intermittent manner, a 
rise of pressure in the condenser, and also loss of efficiency 
thereof, and other obvious signs. In this case the above air 
must be got rid of through the purging-cocks in a similar 
manner to that which remains in the system when first 
charging the machine. - 

Tne presence of any considerable amount of oil or water 
in the system, which may result from careless distillation, 
will cause a reduction in efficiency, and will be evidenced 
by shocks within the compressor cylinder. 

Tjie temperature can be regulated either by running 
the machiije at a higher speed or by increasing the back 
pressure, or by a combination of both. •The ‘back pressure 
^can be regulated by means of an expansion valve* or valves 
fitted between the receiver and the refrigerator evaporating 
coils or pipes in the main liquid pipe. 
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’Leaks in Ammonia Apparatus. 

Leaks are rea^iily detected bV the smell of the escaping 
ammonia gas* when the machjne is being filled ; at a later 
stage, when working, their detection is not so easy. During 
the operation of tlie" machine, when the liquor or brine in 
the tanks commences to smell of ammonia, it imlicates a 
considerable leakage. It is recommended to lest the 
liquor or brine periodically with Nessler’s solution or 
otherwise. 

Nessler’s reagent, which is the best to use for the dis- 
.covery of traces of ammonia in water or brine, consists of 
17 grms. of mercuric chloride dissolved in about 300 cc. 
of distilled water, to which are added. 35 grms. j)ota 5 siiim 
iodide dissolved in 100 cc. of water, and constantly stirred 
until a slight pertnanent red precipitate is produced. To 
the solution thus formed are added 120 grms. of potassium 
hydrate dissolved in about 200 cc. of water, allowed to cool 
before mixing; the amount is then made u\) to i Itr., and 
mercuric chloride added until a permanent precijfitate again 
forms. After standing for a sufij^'ient time, the clear 
solution can be plabet^ in glass-stoppered blue bottles and 
kept in a dark place. 

If a few drops of this reagent be added to a sample of 
the suspected brine or water in a test-tube, or other small 
vessel, and the slightest trace of ammonia is present, a 
yellow colouration of the liquid will take place ;• a large 
quantity of ammonia will produce a dark-brown. 

When the leaks are comparatively insignificant they can 
be closed in the usual way, by solder, using as a flux 
muriatic or hydrochloric acid killed with zinc. In some 
instances electric welding may be resorted to with advar\Jage, • 
or the. leak may be closed by means of a composition of 
litharge and glycerine mixed into a stiff paste, bound with 
sheetmibber, arid covered with sheet-iron clamped firmly in 
position. When, however, the leak is at all serious, it is 
usually* the better plan to at once put in a ngw coilf or a 
new length of pipe. See also pp. 173 to 175..* 

Before closing’this chapter, a few word^ upon the ^cess 
condensing pressure invariably found in ammonia corap 
pression machines i^ill not be out 'of place. This excess 
of the actual working condensing pressure over the theo- 
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retical is caused by the* ammonia gas being iihprisoned in 
the comparatively confined* space afforded by the coils or 
pipes in the refrigerator, anti the excess prelisure is more 
marked in a horizontal compressor running at a high speed 
of, say, 140 revolutions per minute, than it is in vertical 
ones having only a low speed of from 35 to 60 revolutions 
per minute ; it varies, ‘moreover, in almost every make of 
compressor. At a low suction pressure of about 15 lbs. it 
should not be more than 10 lbs., but with a suction pressure 
of, say, 27 or 28 lbs. it may rise to 50 lbs., or even more. 

The condensing pressure affords a means of ascertaining ^ 
whether or not the apparatus contains the proper full charge 
of ammonia, or if the losses sustained by leakage are 
sufficient to render it necessary to insert an additional 
supply. For this reason it is .advisable for the person in 
charge to keep a record in a proper book, suitably ruled 
for the purpose, of the temperature of the condensed 
ammonia when leaving the condenser, and also of the 
condensing and suction pressures, at regular intervals of, 
say, three hours. This will enable him to follow the state 
of the ammonia charge; for examj^le, if the condensing 
pressure is found to be gradually falling during a three 
months’ period, as compared with the average condensing 
pressure, of the previous three months, whilst at the same 
time the condensing temperature and the suction pressure 
remain constant, it will be evident that the charge of 
ammonia has become reduced by leakage to a sufficient 
extent -to require replenishing. This reduction in the 
condensing pressure is caused by the diminution in the 
charge of ammonia giving larger condenser space, the gas 
hayjpg •thus a much more extended worm, coil, or tube 
space wherein to condense and liquefy, and hence the 
decrease. As a general rule, it may be taken that, when- 
ever the condensing pressure is found to have fallen about 
8 lbs., enough ammonia’^to restore the original condensing 
pressure should be insetted into the machine. 

Leaks. IN Carbonic Acid M'ACHtNES.* 

To detect these, smear the joints with a solution of soap 
and water, and any leakage of gas will be evidenced by the 
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formation of. bubbles. Carbon diqxide or carbonic acid 
being a completely inodorous ^s, precautions are required 
to prevent the; unnoticed occurrence of leakage. 

Lubrication of Refrigerating Machinery. 

• » 

This important point is apt to be as much neglected by 
users of refrigerating machinery as It is by those of other 
types of machinery. It would be well'for tliese gentlemen 
to at once dismiss from their minds the idea that low-priced 
inferior quality oils are really the cheapest, and understasd 
that, on the contrary, not only are high-grade oils necessary 
\o ensure the highest efficiency of the machinery, but that 
they are also the least expensive in the long run. 

In refrigerating machinery the use of three different kinds 
of oil is demanded, viz. steam cylinder oil ; oil for general 
use ; and compressor pump oil ; — 

Oil for the steam cylinder. Good cylinder oil is entirely 
free from grit, does not gum up the valves and cylinder, 
and does not evaporate rapidly on exposure to the heat of 
the steam. The quality of a cylinder oil is demonstrated 
on removal of the cylinder head. *If the oil is of good 
quality, the wearing surfaces should ap]>ear well coated with 
lubricant, which will not show a gummy deposit, or blacken 
on the application of clean waste. • 

Oil for general use on all the bearings and wearing surfaces 
of the machine proper : 'J'his may be any oil that will not 
gum, is not too limpid, possesses a good body, is free from 
grit and acids, is of good wearing quality, and flows /reely 
from the oil-cups at a fine adjustment without a tendency 
to clog. For the larger bearings it is well to use a heavier 
grade of oil. • 

Oil for use in compressor pumps : This should be what 
is known as zero oil, or cold test oil, that is to say, it 
should ,be capable of withstanding a very low temperature 
without freezing, an^ it should be* of the best quality. 
American makers recommend the use of th^ best paraffin 
oil, and clear West Virginia crude oij. * . • 

Mr. F. E. ‘Matthews, in dealing with ^this subject in 
‘‘Power and the Engineer,” New York, says, that in order 
that the oils used in the system shalfnot stiffen prohibitive!}; 
atthe low temperatures encountered, anc\ not be saponified 
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by the ammoniac only ,very light mineral oils, can be em- 
ployed. Such oils range from 22° to 30” corresponding 
to a specific gravity of from 0*924" to 0*88^- These oils 
should have a cold test of about zero Fahrenheit, to obtain 
which they will have a flash point gf -between 310° and 
400“ F. .,,This low flash point implies that a considerable 
amount of vapour will be given off at a much lower tempera- 
ture. Since discharge temperatures of compression machines 
often approach these temperatures, it is obvious that a con- 
siderable amount of oil will pass to the condenser, not as a 
liquid but as a vapour. Under such conditions, since there 
is no material cooling effect in the oil sei)arator, only liquid 
oil would be precipitated at that point. 

Effect of a Coating of Ice on D.irkct Expansion 
Pipes. Defrosting Kefrigerating Coils. In- 
crustation ON Condenser Coils. 

The effect of a coating of ice on direct expansion pipes, 
according to an authority (Mr. F. E. Matthews) writing in 
“ Power and the Engineer," New York, may be sliown as 
follows: Assuming a heat transfer .of 10 B.T.U., in round 
numbers per hour, per square foot per degree of difference 
in temperature inside and out, for a flat metallic refrigerating 
surface, and an equal amount of sheet ice one inch thick, it 
-follows that the heat transmission through a square foot of 
.direct expansion cooling surface insulated with a layer of 
ice one inch thick will be only one-half that of the uncoated 
surface^ As a matter of fact, it would seem from the con- 
text that the value of 10 B.T.U. given as the heat conduc- 
tivity of ice applied to platc-ice conditions under which the 
welted surface of the submerged ice will transmit materially 
more heat than a dry surface in contact with aii. This 
would indicate that the decrease in heat-transmitting 
capacity of direct expansion surfaces in air due to a boating 
of ice is eveni more than 50 per cent. ' This condition will 
be partiallv offset by the fact that on account of the increas- 
ing diameter, the layer of ice in the case of cylindrical 
surfaces sych aS pipes (which, together with the fact that 
such coatings usually, present an irregular surface, further 
increase the heat-absorbing area) may increase the heat 
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trahsmission, sufficiently to make ijp for, the lesser heat 
transfer between the air and ^Jry ice, and make 50 per 
cent, at least, a reasohable estimate of the loss in heat- 
absorbing capacity due to one»inch of ice. 

Under average .cgmmercial conditions of intermittent 
frosting a square foot of direct-expansion surface in air is 
usually credited with a heat-transmission of only from 2 to 
4 B.T.U. per hour per degree difference in temperature. 

Brine pipes may be readily defrosted by the circulation 
of hot brine. This may be accomplished through the main 
feed and return headers where the operation does not have 
40 be performed very frequently, or, as in abattoirs, where 
the excessive amounts of moisture from the hot meats to be 
chilled make the accumulation of frost Very rapid, or by a 
separate set of defrosting headers. 

In the case of direct-expansion coils, the defrosting 
method probably most satisfactory where the cold-storage 
temperatures are above 32° F. is to install sufficient coil 
surface to allow a part of the coils to be shii<^ off at any 
time, so that the frost will melt without artificial heat, and 
at the same time prpduce a certain* timount of useful re- 
frigeration. If it is necessary to force the defrosting process 
by the use of outside heat, a hot gas line from the condenser 
may be connected to the liquid-line connections to the 
separate coils just inside the expansion valves. 'The hot 
gas, after melting the ice as it passes through the coils, 
returns to the compressor together with the return gas from 
the remaining coils. 

Where the temperatures carried in the cold-storagg com- 
partments are below 32° F., and in which the defrosting 
cannot be effected without the use of artificial heat, often 
very objectionable, two methods are available, viz., that of 
forcibly Removing the ice with scrapers, and that of sus- 
pending over the pipes trays of calcium chloride. This sub- 
stance IS an exceedingly deliquescent^ salt, which in absorb- 
ing moisture from the air forms a saturated calcium bjine 
which freezes at a very low temperature. In trickling down 
over the coils, the bjine melts the ice’, forming a more dilute 
brine whicR is then conducted away to the 5 ewer, or, if \he 
quantities inVolved wajraht the expenditure of labour, may 
b& evaporated and the calcium chloride recovered. 
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While the comparatively high working tenfperature of 
condenser coils, together with the usually ample provisions 
for draining each separate coil, prevents the accumulation of 
such large quantities of oil ac are often lodged in expansion 
coils, condenser coils are exposed to another source of loss 
of efficiency from without, where the available cooling water 
is abnormally hard or carries a large amount of suspended 
matter. Ammonia condensers, and especially steam con- 
densers, soon become coated with a deposit of scale or mud, 
which, if not properly removed, becomes a more or less 
effective insulator according to the composition of the deposit. 
The heat conductivity of metallic surfaces is not the sam# 
per degree difference in temperature at medium and low as 
it is for high temperatures, and it does not therefore follow 
that the resistance offered by the scale accumulating on the 
outside of atmospheric and sabmerged ammonia and steam 
condensers is the same as that of scale on the inside of a boiler. 
However, some slight idea of the extent of the loss may 
be gained from the fact that in steam-boiler practice, the 
insulating effect of scale results in thermal loss correspond- 
ing to 2 per cent, of Ihe fuel for each in. in thickness of 
scale. Condenser surfaces like *hose of steam boilers, 
expansion coils or any other heat-transmitting surfaces, 
should be kept as free as possible from deposits of foreign 
matter.' 


The Foaming of Brine. 

Trouble is sometimes experienced with brine foaming 
when drawing the ice in jdants on the can system. When 
this foam is thick it is liable to get into the cans when 
replaoed in the ice-making tank and spoil the water for the 
purpose of ice-making. Foaming may be caused by too 
large a number of cans being drawn from the ice-making 
tank together, and the level of the brixie thereiq conse- 
quently falling b^low that of the suctiqn to the brine pump, 
thu6 allowing' the ingress of air. 
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Testii^g Vapour CoMPRESsibN Machines. 

{J. ll'emyss Anc/er^oJt, M.tng,^ '^Proceedings^ Inst, of Mech. Engii.^ 

• 19 * 2 .;’) 

Data Required. 

Compressor, * ^Double or single acting, horizontaK 

J or vertical. If fitted with Vbter- 

^ I jacket records to be inserted j 

1. accordingly. ) 

Diameter 

Stroke 

Clearance. — Back Volume 

Front Volunu' 

Diameter of compressor rod 

Volume swept tlirougli by compressor piston per revolution 

Condenser. 

Type 

Diameter of pipe | 

No. of sections 

Length of pipe in each section^ ft. 

Total length of pipe ft. 

Estimated heating surface j^xUanai ' . ft! 

Material of pipe 

Remarks re circulation of water , 

Evaporator. • 

Same as for condenser, and^n addition — 

Method (if any) for agitating the brine 

Insulated or in insulated space 

Brine. 

Salt employed 

Tables of specific heats and specific gravities of the brine for ranges 

of temperature used m the test T. 

Note . — It is better to run the machine for some hours before^ 
observations are taken in order to avoid allowances, vuhich * 
otherwise must lie made duo to varying temperatures and 
consequently varying specific heats of tlie brine. 

’ Methods of measuring and checking the quantities of brine circulated. 
Refrigerant. • 

Outline description of method employed for measuring the quantity 
(weight) of refrigerant circulated. 


Water. 

Methods of measuriag and checking the quantities of water circulated. 
Remarks . — Quality of water (town suppV. well, canal, sea-water, 
etc. Hard or^oft). Note if the water-^uoply be heated ^o 
a stated temperature before use, etc^ ' 

Regulating Valve. • 

Outline descriptioh. Record of movement (if any) during the test. 

T emperatures. * 

Detailed account of method or methods adopted for readingtemperatures. 
General Remarks. 

outline description of any particular fitting likely to affect the test, 
such as a drier between the evaporator and compressor. 

• “ U 
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Amount of refrigerant ir tlie machine. Interval of time between charging 
and testing the machii^e. Precautions taken to eliminate air or 
other foreign gases from both the rafrigeraJat and brine circuits. 


Observa;ions Required. 

Date Atmospheric conditions 

Number of trial 

Dufaiion 

Compressor. 

(1) Indicated horse-power 

(2) Heat equivalent of (i) B.Th.U, 

(3J Vapour entering compressor. Temp Pressure 

*, (4) ,, leaving „ Temp Pressure 

Condenser. 

Temperature ol water, inlet 

\b\ ,, „ outlet 

(yj ,, , ,, difference {5) and (6) 

<8) Quantity of water circulated 

(9I Heat rejected by condenser B.Th.U, 

(loj Vapour entering condenser. Temp Pressure 

(11) Liquid leaving ,, Temp Pressure 

Evaporator. •’ 

(12) Temperature of brine, inlet 

(13I ,, „ outlet 

ti4| ,, ,, difference (12) and (13) 

(151 Quantity of brine circulated 

(lb) Allowance + B.'l'h.U. for variations in (12) and (13) during 

tiial ' 

(17I Net refrigerating effect B.Th.U. 

(18) Refrigerant entering evaporator. Temp Pressure 

(19) „ leaving ,, Temp Pressure 

J/eat halance. 

(20) Net refrigerating effect (17) B.Th.U. 

(a^l Heat equivalent of work expended in \ r Th TT 

compressor (a) / 

(22) Total heat imparted to refrigerant^ ru'hti 

„ (20) and (21) J 

(23) Total heat rejected at condenser (9) B.Th.U. 

•(24) Difference between {22) and {23) B.Th.U. 

Efficiency. 

(a^l Heat equivalent of energy supplied to machine B.Th.U, 

(261 Coefficient of performance (a). Ratio of (2) to (17) 

(27) Coefficient of performance \b). Ratio of (25) to {17) 

(281 Efficiency of driving. Ratio of (25) to (a) 

(29) Capacity of machine. Ice melting per day of 24 hrs 

General. 

1 30) Weight of'refrigerant circulated lb. 

31) Efiimated refrigerating effect from (30) 

32) D.fference between (17) and (31) B.Th.U. 

33) Temperature of liquid refrigerant bcj^ore passing the regulating 
valve..* * 


* This difference is generally fairly larg& In commercial machines due 
allowances are made for “heat leakage" into the pipes and connections. 
See Table, page 2031 
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Engined^ s Signature. 




SECTION VI 

GENERAL TABLES AND MEMORANDA. 

Lighting CoiiD Storks. 

It is desirable Uiat daylight should not be allowed to enter 
a cold store, and therefore artificial light is usually resorted 
to, electric light being invariably employed, owing to there 
being practically an absence of heat therefrom. 

Incandescent lamps should be always used inside the 
cold stores, but arc lamps may be placed, if desired, in the 
engine-room, and employed for the external lighting of the 
premises. Lower voltage lamps are the most durable, and 
serve the purpose quite as well as those of a higher voltage. 

The mains should be kept as far as practicable in the 
corridors, and tinned cables of high conductivity and with 
rubber insulation should preferably be employed. 

Iron piping, steel conduits, or wood casing, may be used 
for carrying the main cables, the latter being the cheapest 
both in cost of material and in fixing, and also lending 
itself more readily to any subsequent alterations that may 
become necessary; Steel conduits, however, possesS several 
important advantages. The steel-arrfioured insulating con- 
duit matejfial now much used is installed in a similar manner 
to ordinj^ gas-pipe construction, the principal difference 
in‘ electric piping being that specially insulated boxes, 
bends, elbows, etc., are substituted for the ordinary tees or 
angles of a gas-pipe system. The use of the conduit system 
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• 

ensures a mechanically and electrically protective duct for 
tlie installation ofi the ejectric ccaiductors. 

When wood* casing is used, the interior should be painted 
with asbestos paint, and the cover fixed with brass screws 
on each edge, not fh the central fillet. 

Iron piping has an internal lining of suitable tlisulating 
material, and is, as a rule, coated with a bituminous com- 
pound of some description intended to act as a preservative. 

There are two systems of carrying out wiring now in use, 
viz. the tree system, and the distributing-board system. • 

In the first of these, or the tree system, two main cables 
^re carried through the building, the branch circuits being 
all taken from these cables or mains. , In the second, or 
distributing-board system, a main switchboard is placed close 
to the dynamo, from which ^main switchboard cables are 
carried to supplementary distributing boards located at 
convenient points, from which the lamps are wired. 

An obvious advantage of this latter plan is that all the joints 
are readily get-at-able, being at the distributing boards and 
fittings. The insulation of the cable is^Ieft completely intact. 

In fixing wood casing all joints should be united, and no 
sharp edges or corners left for the cable to pass over. The 
casing is ordinarily secured by screws to the walls, floors, 
and ceilings, and either on the surface, partially sunk, or 
sunk flush therewith. In very damp situations, however, 
the casing should be supported, so as to be clear of the 
surfaces, by means of small jiorcelain insulators. 

The circuits may be arranged either on the series system or 
on the parallel arrangement, the latter being the most common, 
and the former being, as a rule, only employed where a number 
of arc lamps are used. The series circuit and ])arallel «irg^ik 
are showp in the diagrams (Figs. 30 and 31), the dynamos, 
main cables, lamps, and switches being indicated thereon. 

In th^ series circuit the current i^ maintained constant 
in value, the differenGe in pressure varying with the work 
on the circuit. 

In the parallel circuit all the lamps are connected;^ separate 
paths between the l^o main leads, each piUh being qfijte 
independent pf the other paths. The difference of electrical 
pressure is maintained* constant, the Current varying with 
the work that is on the circuit. The switching off of a 
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lamp causes a break ui the wires connecting the lamp to 
the circuit. 


MAIN CA5Lt 







Fjg. 30. — Dwigrani illustrating Arrangement of I'Jcctnc Lighting on the 
Senes Circuit System. 



Frr„ 3T.— Diagram illustrating Airangemcnt of Electric Lighting on the 
P.'irallel Circuit S\sttm. 


Creamery Cold ^^TbRACE. 

A bulletin entitled “Creamery Cold Storage" wTitten 
by Mr. J. A. Ruddick, the Dairy Commissioner, Canadian 
Department of Agriculture, goes very fully into the subject 
and contains much valuable information, the following 
particulars being abstracted from this source. 

Butter is an unstable product. It is at its best when 
freshly made. Strictly speaking, deterioration begins at 
once, and it will become noticeable sooner or later accord- 
ing to the conditions under which the butter is kept. I'he 
most important condition in this respect is that of tempera- 
ture, because no other condition has anything like the same 
influence in the preservation of butter. ■ The preservation 
of butter means^ the checkings to a gr, eater or less extent of 
the processes of fermentation that affect the flavour, and 
which ar€ inevitable Jn all butter, but it has never been 
foynd that eve^ such extreme low temperatures will preserve 
the flavour indefinitely, although it has been proved beyond 
doubt that the lower the temperature the longer it will be 
preserved, other tjiings being equal. Fortunately there is a 
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certain periofl^in the life of-all good butter during which it 
may be considered to be at its bes^. Assuming that the 
butter has beep well made, the' duration of this period 
depends almost entirely on th« temperature at which the 
butter is kept. , ^ 

Mechanical refrigeration is indispensable where low 
temperatures are required, as in a piodern cold* Storage 
warehouse, and it may be employed with advantage in 
creameries having a large output of butter. For small or 
medium sized creameries, however, the first cost of installa- 
tion, and the annual expense of operation, put tli« 
mechanical system out of the question. The following are 
examples of creamery refrigerators designed by Mr. 
Ruddick, adapted to be cooled by ice, but it will be under- 
stood that the buildings with certain simple modifications 
would be suitable* for the installation of machinery for 
mechanical refrigeration, , 

Thf. Air Circulation System Although it may be 
possible to secure rather lower temperatures with the cylinder 
system than can be obtained with the air circulation system, 
all things considered, a lower average temperature is usually 
found where the air circulation system is in use. Both the 
ice chamber and the cold storage room are thoroughly 
insulated. Figs. 32 and 33 show plan and section of a 
creamery refrigerator on the air circulation system. It will 
be seen that there is a connection between the two ^ooms 
which provides for the circulation of air over the ice and 
through the cold storage chamber. The working of such a 
refrigerator is automatic, and requires only to be regulated 
by the opening and closing of the slides that control the 
circulation of air. The ice is not covered, as the thorough 
insulation of the walls of the ice chamber is depended on to 
prevent undue waste of ice. 

• * 

The Cylinder System : — In this System galvanized iron 
cylinders about one foot in diameter are placed in the cold 
storage room so as to extend from the floor to Jhe ceifing 
and opening irtto the room or loft above. A row of tjiese 
cylinders sliould extend along at least one-fdurth of the irall 
space of the storage jodm. The Cylinders are filled from 
above with crushed ice and salt, the proportion of which 
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may be varied according to the ‘temperature ^bsired. 'J'he 
larger the proportion *of salt the better the results will be, 
until the maximum is reached at about i ‘part of salt to 3 of 
ice. Drainage must be pr^^vided to carry off the water 
from the melting ice, and the outlet, should always be 
trapped in order to prevent the passage of air. The ice for 
this sy^em is usually .stored in an ordinary ice shed, covered 
with sawdust, cut hay or other insulating material. The 




Fi(.. 37.~Crenm< ry Rcfiigeraior on ihc Air Cir ulaiioii System. Plan view. 

cylinders must be kept full in order to secure the maximum 
of refrigeration. Thet labour of breaking the ifcc and 
filling the cylinders is very considerable and constitutes 
one* of thev chief objections to the cylinder system. Where 
the refrigeration depends upon the daily performance, by 
theibutter maker, of this item of labour,* it is very apt to be 
more or less neglectedi If the cylinders are* allowed to 
become partially empty, there is a Corresponding rise p( 
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temperatui^, in the storage room,^ and Jhis is what very 
often occurs. The cylinder system is the cheapest to install, 
because the gtorage it)om only need be insulated, but the 
large amount of labour invoived in keeping the cylinders 
properly filled, and ihe cost of the salt, make the operation 
of this system somewhat expensive. Where the^p is plenty 
of cheap labour and someone to take sufficient interest in 
the question to see that the work is properly attended to, 
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Fig. 33 — Creamery Refrigerator on the Air Circulation Sy'itcm. Sectional view. 


there is no doubt but this system will give good results,, as 
far as ice goes, for the storage of butter. Eigs. 34 and 35 
shows plan and section, and Figs. 36 and 37 details of a 
creamery refrigesator on the cylindej system. 

Insulation : — In* the construction of insulated walls^ the 
best practice at the present time provides *for aji outer and 
an inner shell, as nearly as practicable impervious air 
and dampness, with a space between to be*filled with Sbme^ 
non-conduoting material. The width of the space will' 
depend on the filling to be used and the temperature to 
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be maintained in the storage room. For a creamery cold 
storage constructed of wood, there is no better material for 
filling spaces than planing mill shavings. The weight of 
shavings required to fill a given space will depend somewhat 
on the kind of wood from which they a^e made, and also 
to some extent on how tightly they are packed, but a fair 
average is from 7 to 9 pounds per cubic foot of space. They 
should be packed sufficiently to prevent future settling. 



PLAN 


Figs. 34 and 35.— Creainer> Refrigerator on the Cylinder System. ?lan 
and Section 

Interior Finish . of Rooms -All inside sheathing 
should be of spruce, because of its oriourless character. 
The' inside surface of ante-rooms and cold storage rooms 
should receive a coat of shellac, or hard oil.‘ This will 
permit of the walls being thoroughly washed and disinfected 
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to destroy spores of mould. Whitewash also used as an 
interior finish. ^ ll is cheap and»can be renewed from time 
to time. A little salt* mixed with whitewash is said to 
harden it^ and thus prevent* it from rubbing off when 
touched. 



Figs. 36 and 37.— Creamery Refrigerator on the Cyllndci System. Detail viewi. 


If the inside sheathing of the ice chamber is coated with 
paraffip wax, like a butter box, the lumber will be preserved 
and moisture prevented from getting into the insulation. 

Size of Ice Chamber: — It is impossfcle tp lay down 
any rule as to the total quantity of ice required fpS" creameries 
with a given output, as so much depend!^ on what tbp ice 
is used for, and also ©n the nature of the water supply.* 
In many creamerie^ where there ife an ample supply of 
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cold water, no jce is used for 'cream cooling, while for 
others a large quantity is provided for ^hat purpose. If 
a pasteurizer is used, the extra cooling required increases 
the consumption of ice very considerably. It is important, 
however, to estimate correctly the siz^ of the ice chamber 
required f9r a cold storage on the circulation system. Where 
this system is used the supply of ice for cream cooling 
purposes should be kept separate from the cold storage 
supply. The ice chamber should not be opened during the 
summer except for occasional examination. The quantities 
given in the following table will be found to be about right 
for average circumstances : — 


round- of Hotter made 
durinct 

Summer Months, 

Tons of Ice required 
lor 

Mutter St c. ape only. 

Si/e of Ice Chamber 
t in 

cubic feel. 

200,000 

140 

5,000 

100,000 

80 

3,000 

50,000 

1 

50 

2,000 


Where ice is required for cream cooling purposes, and 
it generally is, about one-half the quantity given in the 
table win be required in addition. This can be stored in 
an ordinary ice shed and covered with sawdust. 

General: — Creamery refrigerators on the air circula- 
tion and on the cylinder systems consists of: (i) An 
insulated ice chamber, where the ice is kept without any 
covering. (2) A cold storage room, where the packages 
of butter for export only shall be stored. (3) An ante- 
room, to receive retail butter, and to protect the storage 
room against the entrance of warm air. Both cold storage 
room and ante-room are cooled by the circulation of the 
air wdiich passes over "the ice * in the ice chamber. The 
situation should be at the north end of the creamery, or 
sheltered fr^m the direct rays of the sun if possible. 

The size will be determined by the output of the 
(preaiheiy. Buttdr should be shipped every week' wherever 
possible, and in this case the cold s.torage room should 
not be much larger than necessary to hold a week’s make; 
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with convemence for hahdling* thj? packages. A room 
7 feet high by 8, feet square inside will hold conveniently 
] 20 boxes, pil^d six hij^h. The ante-room should be large 
enough so that the door can be conveniently closed before 
opening the door of the cold storage room. 

As regards light it is not desirable to have « window 
in the cold storage room. Sufficient Hight can be had from 
a lamp or candle when necessary. A window may be put 
in the ante-room. 

Good insulation should be provided on all sides of the 
refrigerator, around cold storage room and ante-room, 
•whether adjoining the ice chamber or any other part of the 
creamery, all must be equally well insulated. 

Materials : — Wood . — All lumber emi)loyed irftist be 
thoroughly dry anit sound without loose knots or shakes, and 
must be odourless, Sprucj and hemlock are the best in the 
order named. Pin§ is not suitable for inside sheathing, 
on account of its odour. All boards employed should be 
dressed as well as tongued and grooved. Unseasoned 
lumber must be carefully avoided.* When building in 
winter, fires must be* k^pt going so as to have all materials 
as dry as possible. This is very important, as dampness 
in insulation destroys its efficiency. 

Paper . — All papers used should be strictly odguriess and 
damp-proof. Tar paper, felt paper, straw paper, rosin sized 
paper, and all other "common building papers *e not. 
suitable and must not be used. Use double thickness pf 
paper in all cases, each layer lapping 2 inches over prefceding 
one. The layers should extend continuously arolmd all 
corners. All breaks to be carefully covered. 

Shavings . — Shavings must be thoroughly dry, frdfe from 
bark or- other dirt. Shavings from some odourless wood, 
such as hemlock, spruce or white wood, to have the 
prefereffice. 

To Charge an Ammonia Ma§hin^ 

^ • • 

The following tables given by Mr. F. E. Matthews in an 
article in ■‘Power and the Engineer,” NeV York, will be, 
found usefW when calculating tHe . amount of ammonia 
required to charge a system ; — 
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Table I. Re^tion of 'Cubical Contents to Running 
Feet in Fifes of Various Sizes. 


Size of Pip(, Inches. 

Kunaing Foot per Cubic 
Foot of Contents. 

Content^, in Cubic Feet per 
TOO Running Feet. 

i 

270*00 

, . 0*370 

I 

166*90 

0*599 

ii 

96*25 

1*038 


‘ 7065 

1*415 

2 

42*36 

2*360 


Having found the number of feet run of pipe in system, 
the cubic feet contained in it may be found from Table I. 
The amount of ammonia required is found by multiplying 
the cubical contents by the weight of gas per cubic foot corre- 
sponding to the pressure to be carried in the pipes when the 
system is in operation. A liberal allowance must be made 
for reserve liquid in the leccaver, evaporating liquid in the 
expansion coils, and condensing liquid in the condenser. 


Table II. Weights of Ammonia Vapours at Different 
Gauge Pressures. 


Ammonia Gauge 
Pressure. 

Weight of X Cubic 
Foot of Vapour, l.b. 

Ammonia Gauge 
rressvre. 

Weight of I Cubic 
Foot of Vapour, Lb. 

0 

0*0566 

80 

0*3304 

10 

0*0941 

90 

0*3617 

20 

0*1269 

100 

0*3939 

30 

o*i6ii 

125 

0*4766 

40 

0*1955 

150 

0*5566 

50 

0*2292 

*75 

0*6340 

60 

0*2641 

200 

0*7188 

70 

0*2965 




I’ABLE III. Anhydrous Ammonia required for the Com- 


fression Side of Refrigerating Plants. 


Tons of 

Pounds of 

Tons of 

Pounds of 

Refrigeration, 

Aiinnuma. 

I Refrigeration. 

Aiucionia. 

5 

no 

LTJ 

375 

10 

15c; 

. lOO 

440 

15 

. i»5 

150 

510 

20 

230 

175 

570 

25 

245 

200 

620 

30 • 

270 

225 , 

67s 

' 35 

• 290 

250 

725 

40 

300 , 

300 

840 

45 

325 

40c 

1040 

50 

1 350 

500 

1215 • 
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Table IV. ^Anhydrous Ammonia* keouired Per ioo Running 
Feet of Pipe— ExpansIon SiAe.* 

, * j ■ 


1 p. 

Rbfrigbratih'; Plakts. 
Direct Expansion and Biiae 
Cooling Coils. 

.A., , 

Size oifPipe. 

IcB Plants. 

Expansion Coils* for Can and 
Plate use. 

14 pounds. 

I inch. 

8 pounds. 

18 pounds. 

ij inches. 

1 1 pounds. 

20 pounds. 

lit inches. 

* 12 pounds. 

25 pounds. 

2 inches. 

15 pounds. 


• Commercial practice. Kcfi igerating machinery operated under 
average conditions. 


Table V. Ammonia required for Ice making Pj.ants. 

Tons of ice pci 24 hours 5 10 15 25 50 100 

Pounds Ammonia 100 250 500 1000 2000 4000 

The amounts gU^en in this table are for the total number 
of pounds required to charge both high- and low-pressure 
sides of ice-making systents. 

Experiments in Wort Cooling. 

The following tabulated experiments of the performance 
of a tubular refrigerator for wort co 61 ing are gleaned from 
Engineering. I'he watfer and wort are moved in opposite 
directions, the former through thin metallic tubes, which 
are surrounded by the wort to be cooled ; — 


A. 


Area of Cooling 
Surface of 
. Refrigerator. 

VfOlU'. 

WATEIV 

in ^ 
'o’> 

S.S 

wO 

Quantity passed 
through per 
Hour. 

Initial 

Temperature. 

Final 

Temperature. 

i 

•§ 

I 

"o 

0 

0 

Quantity passed 
through per 
Hour. 

Initial 

Temperature. 

1 

II 

t 

A 

3 

1 

SquaieFeet. 
No. l#88l 
No. 2. 514 
No. 3. SI4 
No. 4. 514 
No. 5. 514 
•< 

I 104 
1*188 
1*03 c 
I'OiS 

Bbls. 

33*9 

36*1 

36*6 

47*3 

^8*0 

Fahr. 

212® 

* 55 * 

I9I 

178 

Fahr. 

72® 

59 

59 

59 

59 

Fahr. 

96 

*32 

1 * 34 . 

if 9 

Bbls. 

On 

7 i*S 

99;5 

907 

102 0 

• 

Fahr. 

65“ 

54 

54 

Fahr. 

169® 

IOO 

IOO 

IOO 

100 

Fahr. 

I04* 

46 

• 

46 

J 


.Note 1.— A barrtd coTitaiiis thirty- six gallons, or 360 lbs. of water. 
Note 2. — The temperatuie of the air in N®s. 2 sind 4 was 44* F., 
and in Nos. 3 and 5, 40“ F. • 
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Table showing the Tension of 'Aqueou? Vapour in 
Millimetres of Mercury, from -30" C. to 230'' C. 
— (Siebert.) ’ 


Temp. 

Tension. P 

•l.nip. 1 

'J’ensioii. 

Temp, j 

‘I’t nsion. 

Temp. 

Tension. 

-30® 

0-3Q 

21® 

i 8*5 

94*0° 

610*4 

104° 

876 

-^25 

ooi 

22 

19 7 

94*5 

622*2 

105 

907 

— 10 

0-9 

23 

20-9 

95*0 

633*8 

107 

972 

-15 

I ‘4 

24 

227 

95*5 

645*7 

no 

1,077 

— 10 

2*1 

25 , 

236 

96 0 

657*5 

ns 

*.273 

-5 

3*1 

26 

2S'0 

965 

669*7 

120 

1,491 

2 

4*0 

27 

266 

97*0 

682*0 

125 

*.744 

— 1 

4*3 

28 

28 I 

» 97*5 

69^*6 

130 

2,030 

0 

4-6 

29 

29-8 

98*0 

707*3 

135 

2,354 

I 

4*95 

30 

3**6 

9«'5 

721*2 

140 

2,7*7 

2 

5*3 

35 

4**9 

99*0 

732*2 

145 

3 , *25 

3 

S 7 

40 

55*0 

99* 

735*9 

150 

3.581 

4 

61 

45 

7**5 

99*2 

738*5 


4,088 

5 

6*5 

50 

92*0 

99*3 

741*2 

160 

4,55* 

6 

7 'o 

55 

**7*5 

99*4 

r 43’8 

165 

5,274 

7 

7*5 

60 

148*0 

99*5' 

746-5 

170 1 

5,961 

8 

8-0 

65 

i86*o 

99*6 

749-2 

175 

6,7*7 

9 

8-6 

70 

232-0 

997 

75>'9 

180 

7,547 

10 

9*1 

75 

287*0 

99*8 

754-6 

185 

8,453 

11 

9 7 

80 

354*0 

99*9 

757-3 

190 

9,443 

12 

I0’4 

85 

432*0 1 

100*0 

, 760*0 

*95 

10,520 

13 

^iri 

90 

525*4 

100*1 

762*7 

200 

11,689 

14 

11-9 

90-5 

535*5 

100*2 

765*5 

205 

12,956 

15 

127 

91 0 

545*8 

100*4 

772*0 

210 

*4,325 

16 

13*5 

9**5 

556*2 

100*6 

776*5 

2*5 

15,801 

17 

14*4 

92 0 

566*2 

101*0 

787*0 

220 

*7,390 

18 

15*3 

92*5 

577*8 

102*0 

816*0 

225 

19,097 

19- 

16-3 

93*0 

588*4 

103*0 

845*0 

230 

20,926 

20 

17*4 

93*5 

599*5 






Degrees C 120 134 I 44 152 I 59 171 I^o 190 213 235 

Atmo-pheres , . 2 3,4 5 ^ 8 10 15 20 25 



Table of Physical Constant of Gases. (Peckhaffu) 



ffhUorier, Muspratfs^heynic, IV., 1626. 
Fownes, Eltm. Chan.^ i2ih ed., p. 534. 




i/S REFRIGERATION AND ICE-MAKING. 

TaHLE showing IfRorP.RTIFs'oK SATURATED SXEAM.’— }af;ya». 














Stbam at Pressure from one pound to 200 pounds on the 




Properties of Saturated Steam at Pressure from one pound to 200 pounds on the 

SQUARE INCH. — {Continued.) 
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Heat of Combustion of Various V'u/.i.s. 


Fuel. 

Air (_ hcniK ,<Uy 

('oi)sunn'il 
per lb •»! Fuel. 

Total 
Heat ol 
Combustion 
of I lb. 
of Fuel 

Fqiiivalrnt 

F v'ap ora live 
Fower, from 
and at 212" 
F., Water 
per lb. of 
Fuel. 


lbs. 

Cub ft 
at 
!■' 

Units. 

lbs. 

Asphalt . . • . . 


17,040 

17-64 

Coal of average composition 

107 

140 

14,700 

15-22 

Coke # . 

I0'8i 

142 

131548 

14-02 

Lignite . 

8*85 

140 

13,108 

13-57 

Peat, desiccated 

7-52 

99 

12,270 

12-71 

Peat, w per cent, moistuie. . 
Peat cWcoal, desiccated . . 

5*24 

69 

8.2bO 

9*53 

9*9 

130 

12, 3‘,) 

12-76 

Petroleum .. 

»4-33 

•18« 

20,411 

2T-13 

Petroleum oils . . • . . 

1793 

iv: 

27v53i 

28*50 

Straw . . 

4-26 

5^ 

8,144 

8-43 

Wood charcoal, desiccated , . 

9-51 

125 

13,006 

13-46 

Wood, desiccated . . 

6-09 

80 

10,974 

11*36 

Wood, 25 per cent, moisture 

4-57 

60 

7»95l 

8*20 • 

Coal gas, per cubic foot at 
62^ F 

1 

- 

630 

0 ;;o’ 


Percentages, Handy Rule. 

R^ard percentages as a decilnal fraction, and with it 
multiply the whole numW wanted. . For example, 16 
per cent, of 80 is 80 X o‘i6 = 12-8. 



1^4 refrigeration and IC?fi-MAKING. 


Specific Heat of Water at Various Temperatures. 


Tempera- 
ture. Deg. 
Fahr. 

;!jpccific 

Heat. 

.1 

Units of Hdit 
required to 
raise 1 lb. of 
Water from 
32° F. to given 
Temperature. 

Tempera- 
ture. Deg. 
Falir. 

Specific 

Heat. 

Units of Heat 
required to 
raise 1 lb. of 
Water from 
32® F. to given 
Temperature. 

32® 

50 

68 
. 86 
104 
122 
140 

•5* 

176 « 
194 
212 
230 

roooo 

rooos 

1*0012 

1*0020 

1*0030 

1*0042 

1*0056 

1*0072 

1*0089 

1*0109 

1*0130 

roi53 

0*000 

18004 

36*018 

54*047 

72*090 

90157 

108*247 

126*378 

144*508 

162*686 

180*900 

199*152 

248° 

2^ 

284 

302 

320 

338 

356 

374 

392 

410 
^ 428 
446 

1*0177 

1*0204 

1*0232 

I *0262 
1*0294 
1*0328 
1*0364 
1*0401 
1*0440 
.•’0481 
1*0524 

I *0568 

217*449 

235*791 

254*187 

272*628 

291*132 

309*690 

328*320 

347*004 

365*760 

384*588 

403*488 

422*478 


Specific Heat of Metals, etc. 


METALS. 


STONES [contd,) 


Antimony . . 

0*0507 

Chalk 

0*2148 

• . • • 

0*0308 

Quicklime . . 

0*21^ 

Brass 

0*0939 

Magnesian limestone 

0*2174 

Copper 

0095 1 



Cymbal metal • • 

0086 



Gold . . • • • • 

00324 

CARPONACEOUS. 


Iridium . • • • 

0*1887 


0*2411 

’ Iron, cast 

0*1298 

Charcoal . . • • 

0*2415 

,, irrought . . 

0*1138 

Cannel coke . . 

0*2031 

Lead 

0*0314 

Coke of pit coal 
Anthracite . . 

0*2008 

Manganese . . 

0*1441 

0*2017 

Mercury, solid 
. ,. ■ liquid 

Nickel 

0*0319 

0*0323 

o*ic»6 

Graphite, natural . . 

„ of blast furnaces 

0*2019 

0197 

Platinum, sheet • • 

0*0324 



„ spongy .. 

Silrer 

0*0329 

0*0570 

SUNDRY. 


Steel . . . • • • 

0*1165 

Glass . . ' . . • • 

0*1977 

Tin • . . , 

0*0569 

Ice 

0*504 

Zinc . . « . • 

.00959 

Phosphorus . . • . 

0*2503 

, ' STONES. * 


Soda . . ... . • 

Sulphate of lead 

b 0 

Brickwork & masonry 

0*20 

„. of lime- .a 

01966 

1 Marble 

0*2129 

Sulphur . . 

0*2026 
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SPECIFIC Heat pp Liquids. 


Alcohol 

Benzine . . .*, < 

0*6588 

0*3932 

1 0 

[ Turpentine . . . , 

Vinegar 

0*4160 

0*9200 

Mercury 

00333 

Water at 32° F. 

1*0000 

Olive oil 

O' 3096 

„ • 212® F. 

I 0130 

Sulphuric add 

1 ,, 32°t0 2I2'’F. 

1*0050 

Density, i *87 

0*3346 

j Wood spirit . . . . ' 

0*6009 

M i ‘30 

0*6614 

Proof spirit . . . . 

0-973 


Specific Heat op Gases. 


For Equal Weights. (Watci = i!*) 

• 

At Constant 
Pressure. 

At Constant 
^'olunle. 

Air 

0*2377 

0*1688 

Carbonic acid (CO,) 

0*2164 

0*1714 

„ oxide (CO) 

0*2479 

0*1768 

Hydrogen . . . . 

3*4046 

2*4096 

Light carburetted hydrogen 

o* 5<)29 

0*4683 

Nitrogen 

0*2440 

0*1740 

Oxygen . . 

0*2182 

0-1559 

Steam, saturated 

— 

0V3050 

Steam gas 

0-4750 

• 0*3700 

Sulphurous acid . . , . . 

01553 

01246 


British Thermal Unit, or Heat Unit.' 

Amount of heat necessary to raise the temperature .of 
1 lb. of .water i® by the Fahr. scale when at 39-4® (temp, of 
max. density). Mech. eq. 778 ft. lbs. 

French Calorie, English Equivalent. 

• • 

Unit of heat uspd on the Continent with the metrical 
lystem. Amount of heat required to raise’i kilo, of t^ater^ 
through Gent B.T.U, X 0-152 = calorie. Calories 
X 3-968 = B.T.U. * 
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Loss OF PkESSURE by FEICIION of CpMPRE&SED AlR IH PlPES, 
F. A, Halsey. 


t 

s 

C&bic feet of Free Air compressed to a Gauge Pressure of 6o lbs. per 
Square ineb and passing through the Pipe per Minute. 

o 

u 

V 

50 

75 

100 

125 

*50 

200 

250 

300 

400 

600 

.1 

Loss of Pressure in Pounds per Square Inch for each i.ooo Feet of 

Q 





Straight Pipe. 




• 

ins. 

lbs. 

ib*. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

I 

10*40 










2*631 

5*90 









4 

1*22 

2*75 

4-89 

7*65 

ii;oo 


' 




2 

*35 

•79 

1*41 

2*20 

3-17 

5*64 

8*78 





*14 

.32 

•57 

•90 

1*29^ 

2*30 

3-58 

5-*8 

9*20 


3 


•II 

*20 

•31 

•44 

‘75 

' 1*23 

1-77 

3*14 

7*05 





•IS 

•21 

•38 

•59 

•85 

'V 

3*40 

4 






•20 

•3* 

*45 

•80 

i*8i 

5 







•10 

•IS 


•59 

6 






• 



■ 

•23 


Friction Air in Tubes. — Unwin, ** Min. Proceedings Inst. C.EP 
k — coefficient of friction = - + a and h being constants, and 

V 

' V — velocity of air feet per second. 


Diameter of tube, ft. 

1-64 

1-07 

■83 

•338 

•266 

•164 

Valutot a 

•00129 

•00972 

•01525 

•03604 

•0379 

•04518 

„ b . . 

•00483 

•0064 

•00704 

•00941 

•00959 

•01167 

„ ki { v=ioo 

•00484 

r 1 

•0065 

•00719 

•00719 

•00997 

1 

•OI 2 I 2 


I'OWER Re^^UIRED for REFRIGERATION. 

For running* the compressor, pumfing both water and 
brine, and driving fans*ij horse-power will required for 
each ton of refrigeration. 
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Coefficients for Efflux of Air fr^m Orifices. 
QloUmorih). 


Vena contraqts^ .... 

. 0-98 

Conical converging . . . • . 

.. 0-9 

Cylindrical rounded at ends , 

. 09 

Cylindrical throughout . 

. O'S 

Thin plates 

. o’6 


Centrifugal F ans. — M ohsworth. 

D = Diameter of fan. 

V = Velocity of tips o?fai\ in feet pei second. 
P = Pressure in lbs.# per square inch. 

V = v/P X 97300. 


97300 


Power Required for Fans. — MoUmort\ 

P = Pressure of Wast in lbs. per square inch. . 

A = Area of the sum of the tuyeres in square inches. 
V = Velocity of tips of fan in feet per second. 

HP = Indicated horse-power required. 

HP = 0-000016 V A P. 


Proportions of Y m ^,-~^ lMoUsworih . 

• * D 

Length of vanes = — • Width of vanes = — t 

. ^4 • D • 

Diametef of inlet = — • Eccentricity of*fan = — • 

• . a • 10 

length of spindle journal = 4 diameters of spindle. 



REFRIGERATION AND I(5e-MAKING. 


Hydraulic Rai^ Profortions of the SupplV Pipes and 
Delivery Pipes to the Number o? Gallons.— 












Tab^e of Power required to raise- Water from Deep 

Gallons of water raised per hour . 200 350 500 650* 800 i,ocx) 

Height of lift Tgr one man workv • 
ing on crank, in feet .... 90 ^2 ^{4 28 22 18 

Height of lift for bnc donkey • 

working on gim in feet . * . . rSo 102 72 t;G ac ^6 

Height of lift for one horse work- • ‘ 

ing on gin, in feet , . . . 630 357 252 196 1C4 126 

Height of lift for one horse-power 

steam-engine, in feet . . . . i 9*90 561 396 3081242 -loS 

— jL_l ' 1^ 1 


Table ciivim; QtTAEriTV of Water uiscfiAROKu per 
MinU'J'E by Barrel Bumps. — (I/u/Zo;/.) 




^Diame'jers, Axeas, and Displacements. 


i 

u 

V 

ci 

a 

Area. 

Displacement 
in Imperial | 
Gallons per j 
foot cT Travel 

Diameter. 

. ^ 

< 

0 o.cH 
<3 p 0^ 

^1° 

«> 

t5 

E 

J 

Q 

■'i 

< 

Displacement 
in imperial 
Gallons per 
ibot of Travel. 


•0122 

•0005 

7i 

41-28 

>•783 

184 

261-5 

11-297 

f 

•0490 

•0021 

A 

44-17 

1-908 

•i8l 

268-8 

ir6i2 

1 

•1104. 

•0047 

n 

47-17 

2-037 

181 

276-1 

11-927 

1 

•1963 

•0084 

K 

50-26 

2*171 

19 

283*5 

12-247 

1 

•30O8 

•0132 

St 

53*45 

2-309 

19I 

291-0 

12-571 

1 

•4417 

•0190 

8i 

56-74 

2-451 

19I 

298-6 

12-900 

'3 

•6013 

•0259 

8| 

60-13 

2-597 

19.1- 

306-3 

13232 

I 

•7SS4 

*0339 

9 

63-61 

2-747 

20 

3141 

13 569 

1 

* *0940 

•04 

9^ 

67-20 

2-903 

2o4 

3300 

i4-2c;6 

u 

1-227 

-0530 


70-88 

3-062 

21 

346-3 

14 960 

1 

1-484 

•0641 

9? 

74-66 

3-225 

2I| 

363*0 

15-681'' 


1-767 

•0763 

10 

78-54 

3*393 

22 

380-1 

16-420 


2-073 

•0895 

10^ 

82-51 

3-564 

22‘ 

307-6 

17-176 

i:! 

2-^05 

•1038 

io| 

86-59 

3*740 


415*4 

'7*945 


2-761 

•1 102 

IO| 

90-7^ 

3-920 

•23i 

433*7 

18-735 

2 

3-141 

-1356 

11 

9503 

4-105 

24 

452*3 

19*539 


3 -S 4 <> 

*I 53 » 


99-40 

• 4-294 

24a 

471*4 

20-364 


3-970 

•1717 

III 

103-8 

4484 

25 

^90-8 

21-202 

2I 

4*430 

•1913 


108-4 

4-682 

25 i 

5>o-7 

22-062 

2I 

4-908 

•2120 

12 

1130 

4-881 

26 

530*9 

22-935 


S- 4 »* 

*2337 


117-8 

5-088 

26^ 

551*5 

23*824 

2I 

5*939 

* 25 <'S 


122-7 

5 ' 30 CI 

27 

572*5 

24-732 

H 

6-491 

•2804 

I2| 

127-6 

5 'i;i 2 

27] 

593 ‘9 

25-656 

3 

7-068 

*3053 

n 

132-7 

5*732 

28 

615-7 

26-598 

3i 

7-669 

•3313 

131 - 

137-8 

5*952 

28-} 

637*9 

27-567 


8-295 

-3583 


143-1 

6-182 

29 

660-5 

28*533 

'38 

8-946 - 

•3864 

nl 

148-4 

6-410 

292 

683-4 

29-522 


9-621 

•4156 

H 

153-9 

6-6/19 

30 

706-8 

30 533 


10-31 

*4458 

Mi 

159-4 

6-8k6 

31 

754*8 

32607 


11 04 

-4769 

m| 

165-1 

7*132 

32 

804-2 

34-741 


1 1 -,79 

*5193 

mI 

' 170-8 

7-388 

33 

' 855-3 

36*949 

4 

12-56 

•5426 

15 

170-7 

7-633 

34 

907*9 

39-221 

4f 

14-18 

•6125 


182-6 

7-888 

35 

962-1 

41-562 

• 4 | 

15-90 

•6868 


188-6 

8-147 

36 

1017-9 

43*973 

4 | , 

17*7.2 


* 5 ! 

194-8 

8-415 

37 

1075-2 

46-448 

5 

19*63 

•8480 

16 

201-0 

8*683 

38 

1134*1 

48-993 

5 i 

21*54 

*9348 

16} 

207-3 

8*955 

39 

1194-6 

51*607 


23-75 

1-026 

i6l 

213-8 

9-236 

40. 

1256-6 

54 259 


25-96 

ri2i 

l6| ’ 

220-3 

9-516 

41 

1320-3 

57037 

6 

28-27 

I- 22 I 

17 

226-9 

9-802 , 

42 

1385*4 

59*849 


30-67 

*•325 ’ 

i7i 

233-7 

10*095 

43 

1452*2 

62-735 


33-18 

1-433 

m 

240-5 

10-389 

44 

1520-5 

65-686 

6| 

35-78 

’'-545 


247-4 

10-687 

,45 

. 1590-4 

68-688 

7 

38^48 

r66r 

18 

254-4 

10-990 

^46 

166,1-9 

71*794 


in estimating the capacity of Worthington (and other dhplex) Pumps 
the delivery in gallons per minute or per hour) at a given rate of 
piston speetl, it should be noted that they have two double-acting water 
plungers : the capacity, therefore, is double that of any ordinary double- 
acting pump of same size, 'or four limes as large as a single-aciing pump. 
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Dimensions, etc., of Stanpard Wrought-Iron Pipes. 


Nominal siac in 
- inches. 

Inside diam. in 
inches. 

Inside diam. extra 
strong in inches. 

Inside diam. extra 
double strong in ins. 

External diam? in 
inches. 

Internal diam. in 
inches. 

External circumfer- 
ence in inches. 

Length in feet per 
square foot outside 
surface. 

Weight per foot 

Number of threads 
. per inch. 

1 

0 ' 2 ’J 

0'20 



0’40 

00572 

1*272 

9*44 

0*24 

27 

I 

o;36 

0'29 

— 

0*54 

O' 1041 

1*696 

7*075 

0*42 

18 

i 

0*49 

0'42‘ 

— 

0-67 

O' 1916 

2 -I 2 J, 

5'<>57 

0*56 

18 

h 

062 

0-54 

0*24 

084 

0*0048 

2*652 

4*502 

0*85 

14 

i 

0*82 

073 

0‘42 

105 

0*5313 

3*299 

3*637 

1*12 

14 

I 

ro4 

o '95 

O’sS 

1-31 

0*8627 

4*134 

2*903 

1*67 

ni 

li 

r 38 

1-27 

0-88 

r66 

1-496 

5 * 2 i 5 

2*301 

2*25 

iij 

li 

r6i 

1*49 

ro8 

1*90 

2*038 

5*969 

2*01 

2*69 

Hi 

2 

2 'oG 

1*93 

i '49 

2*37 

3*355 

7*461 

r6ii 

3*66 

Hi 


2 '46 

2*31 

175 

,2*87 

4*783 

9*032 

1*328 

5*77 

8 

3 

3-06 

2-89 

2-28 

3*50 

7*388 

10*996 

1*091 

7*54 

8 


3*54 

3‘35 

271 

4’oo 

9*887 

^2*566 

0*955 

9*05 

8 

4 

4*02 

3 81 

3 'P 3 

4*50 

12*730 

14*137 

0*849 

10*72 

8 

5 

5’04 

-- 


5*56 

19*990 

17*475 

0*629 

14*56 

8 

^ 6 

600 

— 

— 

6-62 

28*889 

20*813 

0*577 

18*77 

8 

7 

7*02 

* — 

— 

7-62 

38*737 

23*954 

0*505 

23*41 

8 

8 

7*98 

— 

— 

8*62 

50*039 

2'/ 096 

0*444 

28*35 

8 

9 

g'oo 

— 


9-68 

63*633 

30*433 

0*394 

34*07 

8 

10 

lo-oi 



1075 

78-838 

33*772 

0*355 

40* 64 

8 


Strength of Ice. 

Ice of a thickness of inch will support man ; 
4 inches in thickness will support cavalry; 5 inches in 
thickness v(ili support an 84-pound cannon ; 10 inches in 
thickness will support a multitude ; 18 inches in thickness 
will ^support a railroad train. 
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Friction in Rpes. 


Friction loss in pounds pressure for each icxi feet in length of cast-iron pipe 
discharging the stated quantities^ier minute. — {G, A. C.E.) 
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The frictional loss is increased by bends or irregularities in the pipes. 



Comparison hetwren tiik Sca^.es Centigrade and 

, FaHRENHEII’ TMEUMMMtTJ-R-S. » 


Cent. 

FaI.r. 

('i-iit. , 


e 


-73 

— lOO'O 

-24 , 

-1^ 

-97-6 

-25 

-71 

• -OS-8 

-22 

-70 

-94‘o 

-21 

-69 

-92*2 

-20 


‘ -<)'F4 

- 19 

-07 

-SS-f) 

•-18 

— D() 

-86-8 

-17 

-65 

-85-0 

— lO 

-64 

-83 '2 

-15 


-81-4 

-14 

— 02 

-79-0 

-13 

-61 

-77-8 

- 12 

-60 

— 70*0 

- II 

-59 

“74*2 . 

— 10 


-72-4 

- 9 

-57 

-jo- 7 

- 8 

- q<) 

-08-8 

- 7’ 

“55 

-67’o 

- 0 

“54 

-^^5*3 

- 5 

“53 

“93*4 

- 4 

“52 

— 61 •() 

- 3 

“51 

-59-8 

~ 2 

-50 

— 58-0 

I 

“49 

-56 '2 

+ 0 

“4‘' 

-54’4 

+ I 

“47 

-52*6 

+ 2 

-40 

— 50-8 

+ 3 

“45' 

, “49'o 

4- 4 

"4^ 

-47-2 

5 

“4i 

-45'4 

4- 6 

-42 

-43-6 

+ 7 


-41-8 

+ 8 

-4<J 

— 40’o 

9 

-39 

-38-2 

-1- 10 


“36-4 

rll 

. “37 

“3r9 

4-12 

- 39 

-32-8 

+ 13 

■ —35 

-jro 

+ 14 

. “34 

-29-2 

4-15 

“33 

-27*4 

4-16 

— 32 

-25*6 

4-17 

,“3* 

-23-8 

4-18 

-30 

0 

■M 

1 

. +19 
4-20 

-29 

— 20'2 

<.-28 

’“i?i-4 

4-21 

-27 

-i6-6 

4-22 

-26 

-I4'8 

. 4^23 

“25 

-13 0 

+ 24 


1 .U'r. 

Cent. 

f F.ilir. 

- 11*2 

+05 

+ 77*0 

- 9-3^ 

-1 20 

+ 78 8 

- 7*6 

+27 

-f- 80 6 

- 5*8 

-1 28 

+ 82*4 

- 4*0 

' S- 29 

-1- 84*2 

— 2*2 

+ 3 '^ 

4- 86-0 

- 0*4 


+ 87-8 

4 - 1*4 

+32 

4- 89*6 

-1 3-2 

'1 33 

+ 91*4 

4 - 5*0 

+34 

+ 93*2 

4- 6 S 

+ 35 

-1- 95*0 

4- 8 ■ 6 

436 

4 - 9 t >*8 

4 - 10*4 

+37 

+ 98*6 

4 12*2 

+ 38 

4 - 100*4 

4-14*0 

+39 

4-102*2 

4 - 15*8 

+40 

+ 104 '9 

-1-17*6 

,+41 

4 105*8 

r-l- 19*4 

+42 

4-107*6 

-1 21*2 

4-43 

-1- 109*4 

4-23*0 

+44 

-1- I I I • 2 

-f24*8 

‘ 4 45 

+ 113 0 

4 26 • 6 

+•16 

4114*8 

4-28*4 

+47 

41 10*6 

4-30*2 

+ 48 

4118*4 

4-32*9 

4 49 

4120*2 

‘ + 33 *S 

450 

4 122*0 

+ 35-6 

+ 51 

4123*8 

4 37*4 

+52 

4125*0 

4-39-2 

+53 

+ 127*4 

4-41*0 

+ 54 

4129*2 

4 - 42 * 8 " 

4 55 

4 * 31-0 

4-44*6 

+56 

+ 132*8 

4-46-4 

4-57 

+ 134*6 

4-48-2 

+58 

4-130*4 

4-50 0 

4-59 

4 138*2 

4-51 8 

3-6<j 

4140*0 

+ 53*6 

+ 61 

+ 141*8 

4 - 55’4 

H-62 

+ 143*6 

+ 57*2 

+63 

+ 145*4 

4-59*0 

4 64 

+ 147*2 

-l-6o‘ 8 

+65 

+ i<9*o 

4-62*6 

. +66 

+ 150*8 

+64*4 

+67 

+ 152*6 

4-66*2 

+68 

+ 154*4 

4-680 

+69. 

4156*2 

+ 69*8 

* +70 

, + 158*0 

4-71*6 

+71 

+ 159*8 

+ 73*4 , 

4-7^2 

* 4i6i*6 

+75*2 

+ 73 

+ 163-4 . 
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To CONVERT Degrees 'Centigr-vde Reaumur into 
•Degrees Faiwienueit, eic. 


Centigrade® X 9 , o 

- 5 j- 


+ 32 =: Fain® 


RAuinuir® X 9 


9. 

( tnti<j.ia(le® X 4 

5 


= Kcanniur® 


Fahr." - 32 X 5 ^ Cent/’ ! = Cciilu;i ule® 


Useful Information. 

A gallon of water contains 231 cubic in., an^l weighs 
lbs. (U.S. standard). 

A cubic foot of water contains 6 \ gallons, and weighs 
62^ lbs. 

'I'he Iriction of liquids and vapours tiirough pqies increases 
as the square of the velocity. 

Sensible heat of a litiuid is the amount uuIic.lU J by the 
tliermometer when immersed in it* 

Specific heat is tfie*amount of heat ab. oibed to produce 

bcnsible heat. . . . i 

Latent heat is the amount of heat reiiiuied for the con- 
version into vajjour after a liquid has reached its bpilini^- 

^ ^The latent heat of vaiiour is given off whilst condensing 
to a liquid ; the sensible heat is retained. . • 

One U.S. gallon = 0-133 cubic ft ; 0*83 imperial gallon ; 

3*8 litres. . . /■ t - 

An imperial gallon contains 277'274cubic in. ; oto cubic 
ft : 10*00 lbs. ; 1*2 U.S. gallons; 4'537 ^ , 

A cubic inch of water = o 03607 lb. ; 0*003607 imperial 
gallon; 0*004329 U.S. gallon. . . , „ „ ^ 

A<!ubic foot of water =.6*25 imperial gallons ; 
gallons; 28375 lUres ; 0*0283 cubic niictrc,^ 62*35. lbs. ; 

0*^57 cwt ; 0*028 ton. . • 

A lb. of water = 27*72 cubic in. ; 0*10 imperial gallon ; 

083 U.S:»gallon; *0-4537 Wlo-. * ^ 

One cwt of water =«: 11-2 impfenal gallons , 13 44 
gallons; i*8cubicff!. 
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A ton of water = 35*84^ cubic ft. 5 224 imperial' gallons;. 
298*8 U.S. gallons*, 1,000 litres (about); / cubic metre 
(about). ‘ • 

A litre of wuter = 0*22 imperi?.! gallon; 0*264 U.S. gallon; 
61 cubic in. ; 0*0353 cubic ft. • ^ .. 

A cubic metre of Water =220 imperial gallons ; 264 U.S. 
‘gallons ; 1*308 cubic yard ; 61*028 cubic in. ; 35*31 cubic ft. ; 
1,000 kilos; I ton (nearly) ; 1,000 litres. 

A kilo of water = 2*204 lbs. 

A vedros of water = 2*7 imperial gallons. 

Aft eimer of water = 2*7 imperial gallons. 

A pood of water = 3*6 imperial gallons. 

A Russian fathom = 7 ft. 

One atmosphere = '1*054 kilos per square in. 

One ton of petrolcuni = 275 imperial gallons (nearly) ; 
360 U.S. gallons (nearly). * * 

A column of water i ft. in height = 0*434 lb. pressure per 
square in. 

A column of water i metre in height = i *43 lb. pressure 
per square in. 

One lb. pressure per. square in. = 2*31 ft. of water in 
height. . . * . 

One U.S. gallon of crude petroleum = 6*5 lbs. (about). 
According to Prof. Siebel, about ten B.T.U. of heat will 
pass through a square foot of ice i inch thick in one 
hour for every degree Fahrenheit difference between the 
‘temperatures on either side of the ice sheet. 

A cubic foot of ice weighs approximately 57*5 lbs. 

A cu6ic foot of water frozen at 32° makes 1*0855 cubic ft 
of ice. 

^ One French horse-power = 75 kilogrammetres (542*533 
foof-pouAds) per second. 

One force de cheval = 0*986337 horse-power. 

One horse-power = 1*01385 force de cheval. 

Indicated French horse-power = 3*49 D^PRS. 

D = dia. of cy. in metres, S = length of stroke in metres, 
R = numbeijof revs. p?r minute, and P = average pressure 
on piston in kilogs. per square centimetre. 
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Fractions of ai^ Inch aVd Decimal Equivalents. 


Fractions. 

lnq». , 

Fractifins. 

Inch. 

Fractions. 

1 

Inch I 

1-32 ^ 

0*03125 

3-8 

ofJS 

• 

0-71875 , 

1-16 

00625 

M-32 

0-40625 

3-4 

075 ! 

3-32 

0*09375 

7-10 

0-4375 

25-32 

0-78125 ' 

1-8 

0125 

15-32 

046875 

13-16 

0-8125 i 

5-32 

0- 15625 

1-2 

05 

27-32 

o-8>37S 

3-16 

01875 * 

17-32 

0-53125 

7-8 

0-855 1 

7-32 

0*21875 

9-16 

0-5625 

2() 32 

0 90625 ] 

1-4 

0*25 

19-32 

0*59375 

. » 5-*6 

09375 

9-32 

028125 

5-8 

0-625. 

31-32 

0-96875 

5-16 

n-32 

0-3125 

0*34175 

21-32 

11-16 

• *1 

065625 

0-6875 

* 

il 



Comparison of British Measures with U.S. 

United States Standard. British Standard. 

I gill = 0*833165 imperial giU. 

4 gills i=ipint =0*833565 ,, pint. 

2 pints = I quart = 0*833565 „ quart. 

4 quarts = i gallon = 0*833565 „ gallon. 

An imperial gallon = 4*5435 - t* 19968 U.U 

standard gallons. * 

An imperial gallon contains (Act of Parliament, 1878) 
10 lbs. of water at a temperature of 62° Fahr. Its accepted 
volume is 277*274 cubic in. 

Specific Gravities of Gases. 


Gas at. 33 ° and below 
one atmosphere. 

Specific grtivity. 

Cubic feet in 

I lb. 

• 

Air 

1*000 

I2-3J 

Ammonia 

0*589 • 

2101 

Carbo^i* acid . . 

1*529 

8'io 

Chlorine 

2-440 

5*07 

•Nitrogen 

0*978 

12*72 

Oxygen t .* 

1-105 

11*20 
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Information required by Manufacturej^s to enable 

THEM TO ESTIMATE FOR 'rtlE CoSTOF A REFRIGERATING 

Plant. « * 

1. The length, breadth, and height of the cellars, rooms, 
or stores tc? refrigerated. If the ceiling or roof is vaulted, 
the height to the centrt; and spring of the arch will be 
required. Full particulars of the ' means of insulation 
adopted, or, if none exist, of the materials from which the 
chambers are built. 

2. ‘Whether it is desired to refrigerate on the direct 
expansion, on the brine circulation, or on the cold-air 
system. 

3. The^ temperature desired to be maintained in each 
chamber or store.' 

4. The nature of the substaftce which it is desired to 
refrigerate. 

5. In the case of a packing-house, 0? an abattoir, the 
largest number of carcases to be cooled daily, and their 
average weight. 

6. In the case of a freezing chambet for beef, mutton, 
or other produce, the number of carcases, etc., to be 
frozen in each 24 hours, and their average weight 

7. Whep a liquid is to be cooled, the number of gallons, 

of barrels, to*be dealt with per hour, and from what tem- 
perature down. • 

8. The nature, quantity, and temperature of the water 
supply ayailable for use. 

9. Rough dimensioned plan of the establishment, show- 
ing the most convenient spot to locate the refrigerating 
machine. 

Information required by Manufacturers to enable 
THEM TO estimate FOR THE CoST OF AN ICE-MAKING 
Plant. 

1. Numbet; of tons of ice that it is desired to produce per 
24 hours. * 

2. If dear, crystal, transparent ice is required, or^ whether 
opaque ice will do for the purpose. 

3. The nature, quantity, and temperature of the supply 
of water procurable fqr use. 
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4. Whether there is ah avaiJkble source of steam supi)ly 
on the premises; and if spare,steam-poWer, then how many 
horse-powerfi could We utilised. 

5. When the installatior^ is to be erected in existing 
buildings, a rough ^dimensioned plan of same. 

6. Where an estimate of cost of making ice i^ re(]inrcd, 
price and quality of fuel; wages (Jf engine-drivers, stokers,' 
and common labourer?, for 12 hours day work, and for 12 
hours night work ; if water has to be bought, cost of saim:. 


Various Horse-powers in Use. 



Kilograniiitcties 
per bccond. 

Foot-pf»iiiuls r'Pi 
Miiuiiite. 

■ — - 

Rji 10 to 

ff.r. 

Austria . ♦ 

76 *ii 9 • 

33»o3i 

1*001 

Baden 

75 'ooo 

32,552 

0 ')S6 

France . . . . 

T^'ooo 

32,552 

O'oSh 

Great Britain A * 

76*041 1 

33,000 

,1 'ooo 

Hanover . . 

75’3hi 1 

32,705 

0 ()0O 

Prussia 

75*325 

32,689 

fl ()()0 

Saxony 

75*045 

. 32,568 

(' <;St) 

Wurtemburg ^ 

. 75*2^0 

32,6.37 

0*988 


Expansion in Steam Pipes. 

The expansion ar^d contraction of steam pipes iif about 
I inch in 50 feet by reason of temperature variations. Thir*» 
expansion and contraction may be provided for in the case 
of long lengths of pipe between fixed abutments, by spring 
bends or lengths, or by expansion sockets. In* the latter 
case, guard bolts should be fitted to prevent the pipes froen 
being drawn out of the sockets. 

Rough Rules to Ascertain Amounts of NaCl and 

.CaCl REQUIRED FOR ICE-l'ANK OF OlVEN CaPACtIy. 

— Power.” 

Allow 1$ pounds of salt per cubic foot oftbrinc actually 
required to* fill the tank when the cans are in ^lace, or 
allow t^<\p-third^ ton of salt per ton of ite-making capacity 
of tank per ^4 hours. • For CaCMa some authorities estimate 
.the amount required at one ton,’ per tqn of ice-making 
capacity. 
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Oknkral Information regarding Cfmjiders op COb- 

{Birmingham Carbonic A chi Works t) 

* • 

Each cylinder contains 28 lbs. ^voirdupoi^ of pure liquefied 
COa (In accordance with the Government Committee’s 
recomnieitdations, the cylinder capacity is such that this 
weight of COo equals 75 per cent, of its water capacity.) 

Each pound of liquid CCb represents about J gallon of 
gas in its com])ressed state, which at mean temperature 
will ..expand to about 450 times its volume, or, to 1400^ 
gallons of COg. 

Each cylinder is fitted witli a valve which is protected by 
a removable iron cap,* and the top of each protecting cap 
forms a key to open the valve. A turn to the left opens 
the cylinder valve and liberates |he gas. *To shut off, turn 
to the right. 

Full cylinders should be kept in a cool j)lacc, to prevent 
unnecessary expansion of the COg, and under cover to 
obviate oxidation and consequent deterioration. 

Cylinders require annealing and testing at intervals. 


To Test the Purity of Liquid COh. 

, The pufity^ of liquefied carbonic acid can be tested by 
solidif^'ing it, in which state the slightest impurity can be 
♦'immediately detected by smelling. The solidification can 
be eftected by placing the tube in a horizontal position on 
some suitable support, and fastening a small linen or canvas 
bag 4 to d inches square over the nozzle and opening the 
vdve fully. The liquid acid will then stream out with full 
force, Uecome solid inside the bag, and remain in that state 
for hours, only evaporating slowly, and showing a tempera- 
ture of Fahr. below freezing-point. 

^Regeneration of Cold Air. 

It is said tlJat cold air may with advantage be regenerated 
by being ozonized before use in a cold store where thi closed 
ciKuit system is in use. Adr becomes more or lesi charged 
with disagreeable and noxious emanations dfter passing over . 
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• • 

certain prodilcts — notably many kinds of frpit ; these emana- 
tions are destroyed by the action of the ozone, whilst at the 
same time the* air is sterilized, and the formatiojj of spores 

of mould peculiar to cold rooms is obviated. 

• • * 

Value ol the Co-efmciency oi* ri ki-oigi \nce of 1 Je\'i'-Engink, 
Upper Limit of Temperature varying peiwlen 32' and 
100'' F. AND THE Lower Limit of Timperatukk lying 
pep WEEN —So'’ AND 30'^ F. {I'tof. G. J. iiW/Sy Proceeding';^ 
Jnst. of Mech. Etigrs.^ 19 14.”) 


•• 
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24*5 

i 6’3 

12-2 

1 9*8 

8-2 

70 

20 

40 

24 

1l6*o 

I2’0 

9*6 

i 8-0 

(>'8 

6'o 

10 

21*3 

15*6 

II-7 

9*4 

7-8 

6 7 

5 ' 9 . 

5*2 

0 

14*4 

n*5 

9*2 

7.7 

6*6 

! 5-8 

5*J 

46 

m 

io'6 

9 0 

7*5 

6*4 

5-6 

' 5 0 

4'': 

4*1 

20 

S'45 

7 *.3 

63 

5*5, 

4'Q 

1 4*4 

40 

1 3*7 

3« 

6-9 

61 

5*4 i 

4*8 

4*3 

3'9 

3*^^ 

3*3 

40 

5-8 • 

5*2* 

4*7*! 

4*2 

3-8 


3*2 

3*0 

50 

5*0 

4*5 

4*1 j 

3-7 

3*4 

1 3*1 

2-9 

i 

60 

4*3 

4*0 

3*6 ’ 

3*3 

3 I 

i i 

2-7 

1 2-5 

70 

3 8 

3*5 

3*2 j 

3*0 

2-8 

1 2*6 

2*4 

! 2*3 

80 

3*4 ] 

3*2 

2*9 

2*7 

2*5 

! 2'4 ' 

2-2 , 

ei 

( 

1 

• 

1 



1 

1 



Apparaius fur presi rving Fish f<»k 'rkANsrol^T. 

rhe apparatus — wliicli is a Danish invention — comprises 
a wooden tank, having an internal cylindriial metjil jia/t 
with openings at both lop and bottom, and fitted wTih a 
revolving shaft, at the base of which is mounted a propeller. 
This mjtal vessel* is charged with a mixture of ice and sail,' 
and the outer tank is, filled with sea-water. The revolving 
propeller forces the brine through the apertures in the metal 
container into the wooden tank, cre^ittng a conSnuous cir- 
culation of the’saline solution, and rapidly ^oaCing the/ish 
placed in brine with a layer of ice. 
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INDEX. 


A BSOKETION machines, 2, 7, 
20 

ly co-efficients for efflux of, fi<»m 
orifices, 187 

Ur circulation system, 167 

cold regeneration of, aoo, 201 
compressed, loss of pressure hy 
friction of, in i)ipe*, 186 
condensers, open, 35, 36 
delivered per hour in cold air 
machines, to calculjftc, 73 
determination of moisture in, 
81-83 

friction of, in tubes, 186 • 
value of, as an insulating 
material, I3S * 

Allowance per ton capacity to be 
made when selecting machinery 
for refrigerating jmr poses, 35 
Ammonia and carbonic acid ma- 
chines, comparative tests of, 23 
anhydrous, boiling point and 
latent heat of, 38, 39 
apparatus, leaks in, 155, 156 
compression machines, dimen- 
sions of, 202 

compression machines, heat 
units and condensing water, 
203 • 

compression machines, manage- 
ment of, 151-155. * 73 » *75 
compression plant, cfficjcncy of, 
under different conditions, 

67 

critical ]^int of, 24, 25 
gas, cubic ^ct of, per minute to 
produce <tae ton of refrigera- 
tion per day, 81 

refrigerating effe£t*of one 


t 


I 


cubic foot at different con- 
densing and suction {bSrk) 
pressures in B/f. units, 65 
ga-., saturated, properties of, 46 
gas, temperatures to whicli 
raiseil by compressi'>n, 43 4 5 
gas, volume' of, one pound at 
various pressures and teni- 
peratuics, 47-49 
gas, volume of, at high tempe- 
ratures, 50 
liquor strength of, 42 
machine to charge, ii;2, 153, 

»J 3 -* 7 S ^ 
properties of, 54 
required foi ice-making plants, 


*75 

saturated. Wood’s table of, 

55-^4 . / 

Ammonia solubility of, in water at 
different temperatures, 40-42, 153 
solubility of, in water at different 
temperatures and pressures, 

4 * 

solutions, yield of anhydrous 
ammonia from, 43 ^ 

specific gravities and percentage 
of, 37 

useful efficiency of, 66 
vapours at different gauge pres-. 

sures, weight of, 1 74 
yield of, from ammonia solu- 
tions, 431 , 

Amount ^f refrigcraliijg pipes neces- 
sary for chilling, storing and freez- 
ing chambers* 75"'79 • • 

refrigerating required in cold* 
'stprage, 75-79 
Analyser, The, 45, 46 
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Anhydride, carbonic, • saturated 
vapour of, 52 

sulphurous salui^alcd vapour pf, 

53 

Anhydrous a/nmonia, boiling poinj 
and latent heat of, 38, 39 
required for compression side 
of tefrigcraling |)liint, 174 
required for iec-making plants, 

175 

required per lOO running feet 
of pipe, 175 
saturated vapour of, 51 
' yield of, from ammonia solu- 
tions, 43 

Appaiatus, ammonia, leaks in, i';5, 

'56,. 

refrigerating, 2, ir, 21-25 
Apparatus for preserving fish for 
transport, 20 1 ■ 

Application of the entropy or theta- 
phi diagram to refrigerating ma- 
chines, 11-20 

Ajiproxiinate allowance per ton 
capacity when selecting macliine 
for refrigerating purposes. 35 
amount of refrigeration re- 
quired for mixed produce, 79 
Aqueous vapour in air, tible 
ol, 84 

vapour, tension of, 176 
Area'':, diameters and displacements, 
190 

Argentine Republic, mean tempera- 
tures and extremes for the year, 
94. 95 

Artificial ice, 106, 107 
Atmospheric condensei s, 35 


B arrel pumps, quantity of 
water discharged by, per 
minute, 1S9 

Boiling point, latent heat, etc., of 
anhydrous ammonia, 38, 39 
point of; liquids available for 
use in refrigeiating machines, 
:7 

Box or tank, freezing, no, ill 
Breweries, estimate of refrigeration 
in, 76, 79 


Brine circulation, floss of effipit iKy 
with, 23 

Brine, foaming of, 160 
Brine, for use in refrigerating and 
icc-inaking points, 1 1 1 - 1 1 6, 199 
British measures, comparison ot, 
with *J.‘S. standards, 197 
British thermal unit, 1S5 
Butter fieezing rales, 104 


( 'ALCIUM chloride, .solutions of, 
y III-II6, 199 
Calorie, 185 

Can ice, ficezlng times for different 
temperatures and thicknesses of, 

Cans, ice, time required for water 
to freeze in, 119 

Capacities of iec-making plants, 107 
refrigerating, 78 

Capacity, etc., of refrigerating 
machiiic, variations in, 79-81 
of compressor in cubic inches, 

29-32 

of refrigerating machines, 27-32 
Carbonic acid and ammonia ma- 
chines, comparative tests of, 23 
acid gas, saturated, properties 
of, 68 

properties of, 54 
acid machines, leaks in, 156, 157 
Carbonic acid, critical point of, 24 
Carbonic acid, information re 
cylinders of, 200 

Carbonic acid, to test purity of 
liquitl, 200 

Carbonic anhydiide, saturated 
vajiour of, 52 

Cascade system of producing very 
low tenipeiatures, 26 
Ceilings for cold stores and ice- 
houses, 1 43, 144 , 

Centigrade and Fahrenheit ther- 
mometers, comparison between 
scales of, 194 
Centrifugal fans, 187 
Centrifugal pumps, power required 
to drive, t8S 

Charge an ammonia machine, to, 
IS2» ^53. i73-»75 
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hai;ges for coifl storacjc, 96-105 . 1 C^otnbustion of vai iou'> fuels, hc .vt 

hemioal or rKjue.aciion process, of, <83 

2*.5 • Common saltf.v/*f Cl ilorule of soil 111 in 

hloridc of calcium, sululions of, Comparative cfifiicKncy of various 
111-116,199 * , refrigeratin" machwrc', 20, 21, 25 

of calcium, proporiies of solu- ^ as to efficiency of ammonia 

tion of, 113, 114* • * and .carbonic acid machines-, 

of sodium, projicrties of solu- 23-25 * , 

tion of, 114 Comparison between scales of Cen- 

'hoice of a liijuid foi u-e in a c»ni- tirade and Fahrenheit thetnio- 
pression machine, 25 meters, 194 

Circulation system, air, 167 of llritish measures with U.S. 

laities of the world, mean leini^'ra- standards, 197 

Aiyes of piinci])al, 91-93 of various hydrometer sfiales, 

Qlear or crystal ice, 106, 107 I i 7 » 

Coating of ice on direct expansion Composition and ^specific heat of 
pipes, effect of, 158-160 vicluaU <'^5 

Co-efficiency of performance of heat- Ccmpiesscd air, loss of }vessure by 
engine, 201 friction of, iii'pijics, 1<S6 

Co-efficients for efflux ^f air from.* Clnnpression machines, 9 25 
orifices, 187 choice of lupiid for use in, 25 

Coils, condenser, incrustation of, 1^0 dimensions of, 202 

Cold-air machines, 5, 6, io, 22 heat units and condensing water, 

air machines, formula (or cal- 20^ 

culating amount of air de- machmes, management of am- 

livered by, 73 • , ^loma, 1 51-155 

air machines, regeneration of, plant, effn lency of, un'ler d IK- 

200 201 * * * niions, 67 

air inachmes, results of test side of reingeratmg jdant^, an 

experiments with, 22 hydious ammuni.i required 

storage, 74-105 for, 174 ^ * % 

storage, amount of refrigerating tempcratiir«6 to which ammonia 

pipes necessary for cJlilling, gas is raised by, 43 45 

storage, and freezing chain- testing of, 161, 162 

bers, 75 Conipiessor, capacity in ciibic 

storage and freezing rates, terms inches, 29 -32 

of payment of, 105 nican pressure of, 3 } 

storage charges, England, 96, diagram, inlerpreialion of, 14^- 

97 * 5 * - 

storage charges, France, 105 capacities, relative, 23 .25 

storage charges, United States, Condeii'.er coils, incrustation of, 160 
97-105 Condensers, 35, 36 

storage, creamery, 166-173 Cuntltnsing water, 35, 203 

storage of various articles, Icm- Conditions of defiosit and regula- 
peratures adapted for, 86-90 tions, coli^ storage, 97 
stores,* ceilings for, 143, 144 Constant of ga>es, };*ysical, 177 
stores, divisioqal partitions for, Converf degtees, Centigrade or 

140,141 .• Keauinur, ^ito ' Fahrenli^it, to, 

stores, flo(|rs for, 141-143 195 , • 

stores, liglning,* 164-166 ■ Cooling water for condensers, 

^stoics, walls for, izf Uo amount of, 35, 203 
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Cooler, fore, 40 • , 1 

Cooling wort, experiments in; 1 75 j 
power, effective, £1-25 ^ 

Cork, see Insulation 
Correct relative humidity in egg* 
rooms, 85 

Cost of ice*making plant, 198, 199 
refrigerating plant, 198 
Cotton, silicate, examples »of in- i 
sulation with, 135, 136 
Creamery cold stoiage, 166-173 
Critical point for CtJj, 24 
Critical points for ammonia and 
•surphurous acid, 25 
Crystal ice, 106 

Culucal contents, relation of, to 
running feet in pipes, 174 
Cubic fe^t of ammonia gas j>ei 
minute to produce one ton of 
refrigeration per day, 8 1 

feet of gas that must be pumped , 
per minute, at different con- j 
denser and suction pressures, ■ 
to produce one ton of refrige- , 
ration in 24 hours, 34 j 

Cubic feet of space per running foot 
of 2-inch pipe, 76 
feet covered by one foot of i- 
inch iron pipe, 77 

Curves, efficiency, of perfect re- 
frigerating machine, 70 
Curves, of latent heat of vaporisa- 
tion of NH„ SO2, and COj, 50 
Cylinder system, 167-169 
Cylinders of CO,, information re- 
garding, 200 


D aily report, suggested form of 
engiiieer’s, 163 

Decimal equivalents of fractions of 
an inch, 197 

Deep wells, power required to raise 
water from, 189 

Defrosting refrigerating coils, 159 
D^rces, Centigrade or Reaumur, 
to convert into Fahrenheit 195 
Deposit ^d regulations, cold ster- 
ile conditions, 97 
Determination of moisture in air, 
81,82 


Diagram, compress, interpretation 
of, 147-15* 

Diagram, thtfta-phi, application oi 
to refrigerating machines, 11-20, 

24 

^ Diameters, areas and displacements, 
190 * *■ 

Dimensions of ammonia compression 
machines, 202 

Dirr elisions of ice-making tanks, loS 
of standard wrought-iron pipes, 

192 

Direct expansion pipes, effect .of a 
coating of ire on, 153, 158 i6a» 

Displacements, Diameters, area*, 
etc. 

Divisional partiiions for cold stores, 
140, 14 1 

1 k)or insulation, 144 
tDouble pipe condenser, 36 


1 ]^FFK 0 TIVE cooling power 
obtainable from expenditure of 
one pound of steam in theoreti- 
cally' perfect machines, 22 
Effects ov a coating of ice on direct 
expansion jiipes, 158-160 
Efficiency, comparative, of various 
refrigerating machines, 22 
of ammonia, useful, 66 
of ammonia, compression plant, 
"under different conditions, 67 
Efficiency curves of perfect refrige- 
rating machine, 70 
Efficiency of ether machines, 72, 73 
ofhydraulicram, 188 
Efflux of air from orifices, co- 
efficients of, 187 
Egg freezing rates, 104 

rooms, correct relative humi- 
dity in, 85 

Engineer’s daily report, .suggested 
form of, 163 

England, cold storage charges, 96, 

97 

English equivalent, French calorie, 

*85 * 

Entropy or theta y phi diagram, 
application of, to refrigerating 
machihds, n-20 
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equivalents, decimal, of fraction^ ] 
of an inch, 197 ' j 

■ether machines, efficiency 72, 73 I 
particulars regarding, 72 1 

properties of saturated vapoiu 
of. 71 . . “ " 

Evaporation of liquids, 36 
Examples of insulation with silicate 
cotton, 135, 136 » 

used abroad, 145 

Excess condensing pressure in am* 
monia compressors, 155, 15<> 
Ivuansion in steam pipe*', 199 
^experiments in wort cooling, 175 
Extreme limits of cubic feel of space 
per running foot of 2- in, pipe, 7(> 

I ;^AHRENIIEIT am^ Centigrad.*. 
thermometers, comparison be- 
tween scales of, 194 * 

Fans, centrifugal, 187 ‘ 

power required for, 187 
proportions of, 187 
Fish for transport, apparatus, for 
preserving, 201 • 

Fish, freezing rates fdir, 103,* 104 • 

Flooring for cold stores, 141-143 
for ice houses, 143 
Foaming of brine, 160 
Fore cooler, 40 

Form of engineer’s daily'report, 
suggested, 163 

Formula for ascertaining units of 
refrigeration required to carry off 
heat radiated through walls, cic., 

Formula for calculating amount of 
air delivered per hour by cold-air 
machines, 73 

Fractions of an inch and decimal 
equivalents, 197 • 

France, cold storage charges, 105 . 
E'reezing mixtures, 4* 5 * 

Freezing ftites for butter, 104 
rates for eggs, 104 
rates for^ fish and, neats, 103, 

rat^for \>ouKry, game,. ri‘«h, 
meats, etc., I 024 I(J 4 
* rates, summer, 104 


treeeing tank or box, no, 111 
limes feh can ice, 1 19 
Vrench calorie, 185 
Friction in pijies, 193 

of compressed air in pipf's, loss ^ 
of pressure by, 186 
of air in tubes, 

Futls,' various heat of combiusUou ' 

ol, iSj 

G ame, rate for freezing in un 
broken packages, 102, 

' Gases, physical ronstaiii o', 177 

spccilic gravities of, 36-30, 197 
^ spe<iific heat of, 185 
General remarks on crx'ameiy re- 
; I'rigcratOTs, 172, 173 

General tables and memoranda, 
164-203 

information, creamery, 172, 173 
information regarding cylinders 
of COj, 200 

Gravities, sjiecific, and percentages 
I of mnmonia, 37, 197 
of gases, 197 


H AMPSON, liquid air machine, 
26, 27 • % 

Handy rule, percentages, 1S3 
Heat-engine, value of, the co-effi-^ 
ciency of performance of, 201 . 
Heat, mechanical theory of, i, 2, 

1 1-20 * 

of combustion of various fuels, 

‘^3 

specific, of chloride of calcium 
solutions, 113-11^ • • 

specific, of gases, 185, 197 
specific, of liquids, 185 
specific, of metals, 184 
speulic, of victuals, 85 
specifis, of water at various 
terapefaturea 184 * 

Jijlnsmission of, through insu- 
'lating structures, i;!^-i 34 
unit, 185 

HAse-powers, various, 196, 199* 
Houses, ice-, ceilings for, 143, 144 
. flooring fol^ 1 43 



210 


INDEX. 


Humidity of air, relative, ^3 , 
Hydraulic ram, efficiency of, 188 
ram, proportions of the supply 
pipes and delivery pipes to 
the nunfber of gallons, 188 • 

Hydrometer scales, comparison of 
various, 117. 118 
Ilydrhmctefs, 84 ,, 


I CE-chaniber, size of, 171, 172 
coating of, on direct expansion 
« pil)ts, 153, 158-160 
houses, ceilings for, 143, 144 
houses, flooring for, 143 
freezing times tor can, 1 19 
making, 106-122 * 

makidg and storing ice, 106- 
122 

making plants, brine for use in, 
1 11-1 16, 199 

making plant, information le* 
quiied to estimate for, 19S, 

199 

making plants, ammonia re- 
quired for, 175 < 

making jilants, sizes and capa- 
cities of, 107 

making tanks, dimensions ul, 
108 * 

‘ stoiing, 119-122 
strength of, 192 
tanks, ‘brine for, 199 
Inch, decimal cqui\ulcnts of frac- 
tions Q^, 197 

Incrustation of condenser coils, 160 
Information regarding cylinders of 
♦ €02, 200 

lnfo7malion required to estimate for 
cost oT ice-making plant, 198, 199 
Information required to estimate for 
.cost of refrigerating plant, ^,98 
useful, 195, 196 
Insulation, 1 23-145, 169, 170 
ceiling, 141, 144. * 
door, 1441 
floor, 141-143 
tahir, 144, 145 
wall, 137-140 
window, 144 

w'ith silicate cotton, 135, 136 


Inlerior finish of rdSms, 170, 171 
Interprctatioij, of compressor dia- 
graip, 147 - IS* 

t 

• T ATEWX heat, boiling point, 

I j etc., of anhydrous ammonia, 
38, 39 

Latent heat of vaporisation of N J I 
SU2, and CO2, ciuves of, 50 
T.caks in ammonia apparatus, 155, 

■ 5 * 

in carbonic acid machines, i£5, 

157 ' 

Lighting cold stores, 164-166 • 

Linde, Prof., liquid air machine, 26 
Lineal feet of l-inch pipe required 
per cubic foot of cold storage 
space, 76 

Mdquefaction process, chemical or, 

7 , 3 

Liquid air^ 26, 27 

Liquid, choice of, for use in com- 
pression machine, 25 
Liquid ,COg, to test the purity of, 
200 

Liquid ^ecei^^er, 66 
Liquids, evaporation of, 36 

principal, employed in refrige- 
ration, 1 1 

pies.sure and boiling point of, 
07 

sjiecific heat of, 185 
Liquor ammonia, strength of, 42 
Loss of efficiency with brine circu- 
lation, 23, 79-81 

Loss of pressure by friction of com- • 
pressed air in pipes, 1S6 
Low temperatures, production of, 
26, 27 

I.ubricalion of refrigerating machi- 
nery, 157, y8 

M achinery, refrigerating, 
lubrication of, 157, 158 
Machines, absorption, 2, 7, 8, 20 
ammofiia, leaks in, 155, 156 
carbonicaejd, li^iksin, 156, 157 
coldt^a^r, 5, 6, 2c, 22 
compression, 8, 25 
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lachines, dime«bion!> of, 202 * 

heat units an^ condensinj; 

water, 203 , 

vacuum, 7 • , 

Management of ammonia compres-- 

sion machines, 15 *75 

of refrigerating machinery, 140 

163 . , 

Vlanufacturers, information requires 

hy, to enable them to estimate for 
the cost of an ice plant, 19S, I 99 
to estimate for the cost of le- 
frigerating plant, 190 
^faterials for creamery, 173 ^ 

Mean pressure of compiessot , o 3 ^ 
temperatures of piinnpal cities 
of the world, 91-93 . 

temperatures and extremes of 
the year, Argcntiae Kepubhe 

Mcasur^ct,^ comparison of BriWsh 
with U.S., 197 • 

Meats, frec7-mg, rates for, 104 
Mechanical theory > nnti 

Memoranda, general tables and, 

164-203 , f 

Metals, specific heat cy, iM» • 

Mtoal water, rule for ascerta.nu.i; 

quality of. 109, no . , 

Mixtures, table of freezing, 4, 5 

in air, determtn.uton of, 

81-83 

N ON-conductivc values of 

substances, results of test . 

Number^ of ^aibic feet coveted by 

onft foot of i-mcb pipe, 77 . 

covered by cme ton, ryfrigerat 
ing. capacity for 24 hours, /7 
ofci^ic feet of gas that must 
be pumped per minute, at 
difrerent condenser and suc,- 
tion pressure, to pfoduce one 
torf of refrigeration m 24 
hours, 34 


O ne ton of Refrigeration 

cubic feet of amm^ya glis, to 
produce, 81 


€>pcn aif condensers, 35, 36 * 

Orifices, co-^-fficicnts for efflux of 
• air from, 187 

« 

P ARTITION’S for cold stores, 

divisior'-h 140, J 4 * , . 

Payment ot cold storage and-fieez- 
‘ ing rates, terms of, 1,05 
Percentages, hatulv rule, lo.l 

of ammonia. S])ecitic gia- 

vitu'S and percentages 
Pci feet icfrigeratmg machine^ ctti- 
cu'iv" curves n(, 70 
physical constant uf gases, 177 
Pictet’s liquid, 73 - 
Pinos, fitttion in, 103 

loss of pressure l.yfn.'iion of 

compressed air in, 100 
* standard wrought non, dimen- 
sions, etc., of, 19 “ 
steam, expansion in, 199 
Plants, ice-making, suts,' clc., o , 

iWlty, guinc. elr., r.iU fu li‘«- 

inir.in uiilHolton patl-H,. .. I 0 -, 
103 

Ctoling uni' ozcn, 103 
Pnwer, horse, various, 19O, I 99 
power requiicd for faiij, ift? 

rcquUclT’w^tuiso water from 
<lecp wells, 1S9 • * 

Preserving fish for transport, appa- 
laius foi, 201 

Vr, ssuic an(n..Mii0K l-oiHl of liquyjs 

araiUl'ie for u" rpUKeoiPng 
apparuMs, 37 * , 

^loss of, by friction of com- 
pressed air in pi pt^''> • 

niean of compressor, 33 
of conmressfir, mean, 33 

of water, 19* ' om 

ratio of, sulpblrous acid, am- 
• fcionia, and carbonic acid, 23 
Piincqial ciiins of the wofid, mean 
temperatures of, 91-93 . • 

^ liquids employed in refrigera- 
tion, qiiijlitics of, 11 
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Production o. veiy low li'mj)cra-^ * 
tures, 26, 27 

Properties of saturate?^ ammonia, 
gas, 46 

of saturated carbonic acid gas, ^ 
68 

of saturated steam, 1.78-182 
of.saturjitcA vapour of ether, 

71 

Solutions of chloride of calcium, 

^ 113. "4 

Proportions of fans, 187 
hydraulic rams, 188 
Psychftjmetcrs, 82 
Pum])s, barrel, quantity of water 
di-icharged j)er ijiinute by, 189 
centriliigal power rcqtiired to 
drivu, 188 

Pure water, 109, 1 10' 

Purity of liquid COj, to test, 200 * 

Q ualities of principal lujuids 

employed in refrigeration, 1 1 
(^)uanlity of water discharged per 
minute from barrel pumps, ,r8y 


R adi A'PION through walls, etc., 

133. 134 

Kqm, fee Hydraulic rain 
Rates for freezing poultry, game, 
^ etc., 102-105 

Ratio of pressure of sulphurous acid, 
ammonia, and carbonic acid, 21 
Reagents, testing by, 1 10 
Receiver liquid, 66 
Refrigerating apparatus, 2, 1 1 
*' and ice-making plants, brine 
• fotuie in, 111-116, 199 
capacities, 78, 79 
capacity in B.T.U. required, 
per cubic Rmt of siotagc 
room, in 24 hours, 79 
coils, defrosting, yy 
efifebt of ony cubic foot of am- 
monia gas at ditl’erenX eon- 
dfiver and s^tion (back) 
pressures in H,T. units, 61; 
R^rigeratingmachinery, lubrii at Ion 

of. 157. IS& 


Refrigerating machijjitry, testing and 
mamagement of, 146-163 

machine jfcrfect, curves of, 70 
mAhincs, capacity of, 27-32 
machines, comparative effici- 
, enc^ of, 22-25 

machines, variations in ca- 
pacity of, 79-81 
plant, information required to 
• estimate for, 198 
Refrigeration in general, 2-11 

amount of, required in cold 
storage, 75-79 

power required for, 1S6 • • 

Regeneration of coM air, 200, 20i • 
Rt generative process of sell-inten- 
sive refrigeration, 26, 27 
Regulaiions, cold storage, 97 
Relation of^cub. contents to run- 
• ning feet in pipes, 174 
Relative humidity of air jier cent., 

83 

humidfty in egg-rooms, correct, 

85 

Kent of rooms, 104, 105 
Rcpoit, suggested form of engineer’s 
daily^ 163 

Results of test experiments wdth 
cold-air machines, 22 
of tests to determine the non- 
conductive values of different 
i^tcrials, 124-134 
Rooms, interior finish of, 170, 171 
rent of cold storage, 104, 105 
R<nigh estimate of refrigeration in 
breweries, 79 

rules for making solutions of 
NaCl and CaCl, 199 . 

Rule', for percentages, handy, 183 
simple, for ascertaining quality 
of mineral water, 1x79, 1 10 


S ALT, qommon, sa Chloride of 
sodium , 

Saturated ammonia gas, properties 
of, 46 . ‘ 

ammonik) Wood’j: table of, 

55-64 .. ( 

carbon m acid gas, properties 
of, oS 
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Saluratcd stea!ii, properties of, 178- 
182 ^ 

sulphur dioxide gas, 60 
vapour of anhydrous ammonia, 

5 * • 

vapour of carboiyc^nhydrid^i 

52 

vapour of sulphurous anhy- 
dride, 53 ^ 

vapour o( ether, propertiesof, 71 
Scales of Centigrade and Fahren- 
heit thermometers, comparison of, 
194 

» of various hydrometers, c«»m- 
parison of, 117, iiS 
Self-intensive refrigeration, 26, 27 
Simple rule for ascertaining (quality 
of mineral water, 109, 1 10 
Si*e of ice-chamber, iji, 172 
Sizes and capacities of ice-makirfj’ 
plants, 107 

Slag wool, or silicate ^cotton, s/e 
Insulation 

Sling psych rometer, 84 
Sodium, properties of solution of 
chloride of, 1 14 

Solubility of ammoiya in water at . 
different temperatures, 40-42, 153 
of ammonia in water at different 
temperatures and pressures, 

41 

Solutions of ammonia, yield of 
anhydrous ammonia from, 43 
of chloride of calcium, 1 1 i-i 16, 
199 

of chloride of calcium, pro- 
perties of, 113, 1 14 
of chloride of sodium, pro- 
perties of, 1 1 4, 199 
Specific gravities and percentages 
of amnionia, 37 

Specific gravities of gases, 37, 197 
Specific ^leat and composition of 
victuals, 85 • 

heat* of chloride of calcium 
solutions, 113-116 
heat of gases; 185 
heat of liquids, 183 
heat of n^stals, etc., 184 ^ 
heat of water at ufijiious* tern- 
•» peratures, 184 


•Stand^d wrought-iron pipis, di- 
mensionyof, 192 
• Steam pipes, expansion in, 199 
Steam saturated, properties of, 178- 
182 • 

Storage charges, cold, England, 90,» 

97 * . 

charges, cold, Fmnce, 105 * 

charges, cold, IJ^iled Slates, 
97-105 
cold, 74-105 

Stores cold, ceilings for, 143, 144 
cold, divisional partiliws for, 
140, 141 

cold, flooring for, 141-143 
cold, lighting, 164-166 
coin, walls fi)r, 137-140 
Storing ice, ii9-*22 * 

, unfrozen poultry, etc., 103 
Strength of ice, 192 
Strength of liquor ammonia, 42 
Submerged condensers, 35 
Suggested form of engineer’s daily 
report, 163 

Sulphur dioxide gas, saturated, 
69* 

Sulphur iliox ie, useful efficieney 
of, 70 

Sulphurous acid, critical point of, 
25 . 

Sulphurous anhyJridc, saturated 
vapour of, 53 
properties of, 54 
Summer freezing rates, 103 


T ables and memoranda, gene- 
ral, 164-203 

Tank insulation, 144, 145 • 

Tank or box, freezing, lift, ill 
Tanks, ice making, sizes, etc., of, 
197, 108 

Temperatures adopted for the cold 
storage qf various articles, 86-90 
mean, oi principal citwis in the 
^ .world, 91-^ 
ipican and extremes of year, 
Argcminc Republf5,*94, 95 
• to winch ammonia gas is raised 
• by compression, 43-4$ 
Tension of aqueous vapour, 176 
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Terms ’•of payment of cold Storage* Valufc of coefficient of perferr- 
and freezing rates, 105^ mance of hea^ engine, 201 

Testing, 146-151, 161, 162 • Vapour, ^aqueous, in air, 81-84 

Testing and management of refrige- Vapour,* anhydrtus ammonia, 
* rating machinAy, 146-163 • saturated, 51 


■•Testing by reagents, 110 
Testing vapoyr compression 
, niachrncs, 161, 162 ^ 

T^sts of ammonia and car])onic acid 
machines, co’nparative, 23 
Tests to determine the non-conduc- 
tive values of various substances, 
124-134 

Theory of heat, mechanical, 1, 2, 
11-20 

Thermal Unit, British, 185 
* Thermo-dynamic losses peculiar to 
refrigerant, 25 

Thermometers, comparison between . 
scales of Centigrade and Fahren- 
heit, 194 

Tlieta-phi diagram, application of, 
to refrigetating machines, 11-20, 

24 

Time required for water to freeze in 
icecans, 119 • 

Tiansmission of heat through in'-ii- 
lating structures, 124-134 
'I'ransport, apparatus for preserving 
fish for, 201, 

TuH&s, friction o&air in, 186 


U NFROZEN poultry, etc., stor- 
ing, 103 

United States cold storage chaiges, 

97-105 

United States Standards, compari- 
son qf British measures with, 197 
Units of h6at, 185 
Units of refrigeration to carry off 
radiation through wall, 133 
Useful efficiency of ammonia, 66 
efficiency of sulphur dioxide, 
.70* , •' 

informalicn,*i95, 196 


CUUM machines, 7, 8 4 

Value of air as an insulating 
material, 135, 


Vapour, cvbpmc anhydride satu- 
rated, 52 

Vapour, aqueous, tension of, 176 

Vapour compression machines, 
testing, 161, 162 
ether, properties of saturated, 

71 

Vapour sulphurous anhydride 
saturated, 54 • * 

Vaiiation m capacity of refrigerating • 
machine, 79-81 

Various articles, temperatures 
adapte'd for cold storage of, 86- 
90 • 

* fuels, heat of combustion of, 

183 

horsc-pjwcrs, 196, 199 
hydrometer scales, comparison 
of, 117, 1 18 

Ventilation of ice storage bouse, 
120 

Very low lemperaturcs, production 
of, 26-28 

Vieliials, specific heat and composi- 
tion of, 85 

Volume of ammonia gas at high 
tempeniturcs, 50 
01 one pound of ammonia gas 
at various pressures and tem- 
peratures, 47 

^yyALLS for cold stores, 137- *41, 

radiation through, 1 32- 1 34 

Water condensing, amounl of re- 
quired, 35, 20^ 

Water discharged by barrcl«pumps, 

■189 

Water, friction of, in pipes* 193 

Water, mineral, rule for ascertain- 
ing quality of, 109, 1 10 

Water, powef required to raise from 
deep wells, 189, 
pr^uijp^f, 1 91 
pure, 109, no 
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Water, qnal^tity discharged* per 
. minute by barrel pumps, 189 

solubility of ammoni| in, 40- i 
42, 153 • ^ ’ 

specific heat of, at various ten# 
pcratures, 184 • * . 

time required for, to freeze in 
ice cans, 119 
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